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Pottery has long been the artefact of choice for establishing migrations in the West Pacific, as 
demonstrated by the discovery in the 1940s that dentate-stamped pottery of the Lapita Cultural 
Complex had a distribution that spanned thousands of kilometres (Kirch 1997: 6-70. Traditionally the 
decorative attributes of pots were assessed to infer cultural connections and establish migration 
patterns (ibid: 12). 
More recently archaeologists have turned to methods of physicochemical analysis to provide 
insight into these migrations with much greater resolution. Previous investigations of Early Lapita 
settlement all recognise a high degree of mobility (Anson 1983: 1986; Hennessey 2007; Hunt 1989; 
Summerhayes 2000a; Thomson and White 2000). There are however, two quite different 
interpretations of these mobility patterns. The first of these interpretations, “Specialised Regional 
Production” (Hogg 2012: 28), suggests that pottery production is being conducted by sedentary 
specialist potters belonging to a large regional exchange network (Hunt 1989; Kirch 2000; 2017). In this 
model significant movements of ceramics are occurring when exchanged between communities, with 
little in the way of local production occurring (Hogg 2012: 1; Hunt 1989). The second interpretation of 
these mobility patterns, “Mobile Specialised Production” (Hogg 2012: 28), suggests that most ceramics 
were produced locally by mobile specialist potters who moved around the landscape collecting 
resources with which to produce their ceramic assemblages (Anson 1983; 1986; Hennessey 2007; 
Summerhayes 2000a; Thomson and White 2000). 
With these differences in mind, this research was undertaken with the aim of assessing these 
models of mobility through the physicochemical analysis of an Early Lapita assemblage from 
Tamuarawai (EQS), Emirau Island, Papua New Guinea. By analysing the patterns of pottery production 
at Tamuarawai we can assess the nature of mobility at the site and provide further insight into the 
nature of Early Lapita settlement and mobility through comparison with existing settlement models. 
Evidence demonstrated that a wide variety of resources were being utilised in the production 
of the Tamuarawai ceramic assemblage, with a high number of clay sources and a range of temper 
minerals employed in the production of the assemblage. With little in the way of discernible correlation 
between clays, tempers, and vessel form, the evidence suggests that potters were highly mobile, 
collecting resources for local production of pottery. There was limited evidence of the importation of 
complete vessels. These results suggest that ceramic production at Tamuarawai was being conducted 
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1. Introduction and Lapita background 
 
Lapita settlements are found stretching across approximately 4500 km of the Pacific, from New 
Guinea in the west and as far as Fiji, Samoa, and Tonga to the east, while also spanning over 1000 years 
(David et al. 2011; Kirch 2017: 81-90; Skelly et al. 2014) (Figure 1). While Near Oceania had already 
been populated since at least 42,500 cal. BP, possibly as early as 49,000 cal. BP(Summerhayes et al. 
2010a: 78), Early Lapita (3300-3000/2900 BP) sites mark what was the beginning of the last major 
migration in human prehistory (Garling 2007: 1; Summerhayes 2003: 136, 2004: 149, 2007b: 145; 
Summerhayes et al. 2010a: 78; Summerhayes et al. 2010b: 62). Current models of settlement posit 
that Early Lapita populations were highly mobile and interactive, and that as time progressed following 
the initial colonisation period, the degree of mobility reduced significantly (Summerhayes 2000a; 
2000b; 2003; 2007; Summerhayes and Allen 2007). In the Bismarck Archipelago alone, over one 
hundred find spots of pottery have been recorded (Summerhayes et al. 2010b: 62). However, prior to 
the discovery of Tamuarawai (EQS), which is the focus of this study, only nine sites had been identified 
as Early Lapita. Consequently, existing models of interaction and mobility amongst Early Lapita 
communities are based off relatively little data (ibid). The study of any further Early Lapita site 
constitutes an important addition to our understanding of the processes of colonisation during the 
early stages of this expansion. This study aims to increase that understanding. 
 
Figure 1. The distribution of Lapita sites in Near and Remote Oceania (from Kirch 2017: 81). 
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Prior to outlining this study on pottery from Emirau, a background to Lapita is provided below. 
1.1. What Is Lapita? 
 
 The Lapita Cultural Complex, or simply Lapita, is an umbrella term describing the large scale 
colonising movement of Austronesian speakers which emerged in the Bismarck Archipelago in Near 
Oceania around 3470-3250 years ago and spread around 4500 km across the Pacific as far as Samoa 
and Tonga (Kirch 2000: 93, 2010: 131; Summerhayes 2000a: 1; Valentin et al. 2016: 292). This 
movement constitutes the last major human migration movement in world prehistory (Garling 2007: 
1). Simply put, the Lapita Cultural Complex is an "archaeological construct", characterised and defined 
by similarities in pottery, namely its distinctive dentate stamped pottery (Kirch 1997: 13). It is "an 
archaeological manifestation of a culture ancestral to that of the earliest Polynesians" (Anson 1986: 
157-158), although as Green argued, there was never a specific “Polynesian” migration but rather, 
becoming Polynesian was a "development within Polynesia itself" (Green 1967: 236), one that 
developed in the island groups around Samoa and Tonga (Diamond 1988: 307). 
 The Lapita Cultural Complex is named after a village on the Foué Peninsula, New Caledonia, 
excavated by Edward W. Gifford and Richard Shutler Jr. in 1952 where dentate pottery was found 
(Sand and Kirch 2002: 146). Dentate stamped pottery had been discovered a few decades earlier on 
Watom, New Britain, as well as in Tonga in the 1920s, although it was not until the late 1940s that a 
cultural connection between the materials was recognised, prompting Gifford to undertake work in 
Fiji, New Caledonia, and Yap, with the aim of resolving issues concerning Polynesian origins (Kirch 1997: 
6-7). It was similarities in decorative attributes of the pottery which were largely responsible for the 
recognition of these widespread cultural connections (Kirch 1997: 12). 
 Although Lapita is most notably recognised for its distinctive ceramic signature, the Lapita 
Cultural Complex also includes a range of other material culture including stone and shell adzes, a 
range of obsidian and chert flake tools, shell scrapers, rings, bracelets, beads, discs, needles, fishhooks 
and other items (Green 1979a: 39-40; Kirch 1997: 14). Ultimately however, the Lapita Cultural Complex 
extends far beyond the realm of its material culture. The nature of settlement patterns and economy, 
including aspects of exchange and interaction between Lapita communities, were also integral to 





1.2. Origins of the Lapita Cultural Complex 
 
 The first human settlement of Near Oceania occurred by at least 42,500 cal. BP, possibly as 
early as 49,000 cal. BP (Summerhayes et al. 2010a: 78), and by the time of the expansion of 
Austronesian speakers out of Southeast Asia into the region around 3300 years ago, Near Oceania was 
already home to "great cultural, linguistic, and genetic diversity" (Kirch 2010: 131). It was following 
this expansion of Austronesian speakers into Near Oceania that people then spread into Remote 
Oceania. This expansion also brought with it a "transported landscape", which included the 
introductions of dog, pig, chicken, and rat, along with various root and tree crops for horticulture (Kirch 
1997: 47, 2000: 111; Matisoo-Smith 2007: 157). This was a necessity for colonisation of the "biotically 
depauperate" Remote Oceanian region (Kirch 2010: 137). 
 Sites containing Lapita ceramics appear abruptly by at least 3300-3000 BP, and possibly as 
early as 3500 BP (Kirch 2001a; Spriggs 1997: 71; Summerhayes 2001b). The volcanic tephra left behind 
by the Mount Witori (W-K2) eruption provides an important stratigraphic marker regarding the advent 
of Lapita. The eruption was described as "one of the most massive eruptions to occur anywhere on 
earth during the time that modern humans have existed on the planet" and occurred around 3500 
years ago (Spriggs 1997: 75-76). There is a notable absence of pottery in cultural contexts preceding 
the eruption, while following the eruption there is a sudden appearance of Lapita pottery, indicating 
that Lapita in the Bismarcks does not pre-date the W-K2 eruption (Kirch 2000: 88; Spriggs 1997: 75-76; 
Torrence et al. 2000: 239). 
There has been some debate as to how exactly this colonisation process happened. Firstly, the 
“Express Train to Polynesia” (Diamond 1988: 307) or “Fast Train Model” (Summerhayes 2001b: 25) 
which posits that Lapita was introduced to the Bismarck Archipelago from Southeast Asia with a 
movement of Austronesian speaking people out of Southeast Asia, through the Bismarck Archipelago 
and into Remote Oceania, stopping at 'stations' along the way (Diamond 1988: 308; Summerhayes 
2001b: 25-26). The second of these colonisation models, the “Indigenous Melanesian Origins” theory 
(Kirch 1997: 45-46), argues that Lapita was a Near Oceanian innovation. This theory is based on 
evidence of occupation in the Bismarck Archipelago by at least 40,000 BP (Leavesley et al. 2002: 55-
56; Leavesley 2007: 309-310; Torrence et al. 2004: 101), evidence of pre-Lapita obsidian trade 
networks (Spriggs 1997: 82), and indication that Far Western ceramics pre-date Western ceramics (see 
below) by several centuries (Anson 1986). The recognition of influences from both of these models led 
Green to synthesise the "Triple-I Model" (Green 1991), the three I's referring to the processes of 
intrusion, innovation, and integration (Green 1991; Kirch 2002: 93). Intrusion reflects the movement 
of Austronesian people and their culture from Southeast Asia into the Bismarck Archipelago, pausing 
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in the area for possibly 300 years before spreading out into Remote Oceania (Green 1991; 
Summerhayes 2000a: 2, 2001b: 26). Innovation reflects new cultural developments that occurred 
within the Bismarcks, while these groups also integrated with the original inhabitants of the region 
(Green 1991; Kirch 1997: 46; Summerhayes 2000a: 2, 2001b: 26). As such, Green (1979a: 45) argues 
that the "immediate Lapita homeland" can be found in the New Britain/New Ireland area. 
Both the Indigenous Melanesian and Triple-I models see Lapita as having developed within the 
Bismarck Archipelago prior to colonising groups spreading into Remote Oceania. Proponents of these 
models grounded their theories primarily on the stylistic provinces developed by Green (1978, 1979a) 
and later revised by Anson (1986), whereby Anson (ibid: 163) states that "decoration at any given site 
and from any given region more strongly resembles that of other sites in the same region than it does 
to the decoration of sites in other regions, irrespective of chronology", while arguing in relation to the 
Bismarcks that the data "suggests that the Lapita Cultural Complex remained centred in this region 
(where we may now think it developed) for a period of several centuries" (ibid: 164). What all three of 
these models have in common is the proposal that Lapita peoples were highly mobile (although each 
model argues this to varying degrees), as demonstrated by the vast expanse that Lapita peoples 
colonised. It is also posited that interisland exchange amongst Lapita communities was a significant 
factor in the speed of spread and success of the Lapita Cultural Complex (Hunt 1989). Where the 
models differ is where the Lapita Cultural Complex actually emerged, and the rate at which it spread 
into Remote Oceania. 
1.3. Lapita Provinces and Periods: Spatial and temporal classification of the 
Lapita Cultural Complex 
 
 The Lapita Cultural Complex encompasses both a large geographic region as well as a lengthy 
period. There is around 4300 km of separation between Lapita sites in the Bismarck Archipelago and 
Samoa, while temporally Lapita spans around 10 to 15 centuries, akin to roughly 75 human generations 
(Kirch 1997: 19). While the Lapita umbrella can be applied to this larger region, it is evident that 
significant variability exists throughout both the spatial and temporal Lapita spheres. Kirch contends 
that "only by sensitive exploration of this variation can we write a history of Lapita that is dynamic, 
reflecting the continued adaption of people to new islands, new challenges, changing social 
alignments, and upstart political aspirations" (ibid: 20). To tease this variability into more meaningful 
units, two primary classification systems have been developed. 
 Green (1978: 3, 1979a: 46-47) was the first to organise Lapita into spatial provinces, originally 
defining western (Lapita sites situated in the Bismarcks and eastward to include Vanuatu and New 
Caledonia) and eastern (Fiji, Tonga, and Samoa) divisions. Green derived these subgroups based on the 
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distribution of Lapita decorative motifs (Green 1978: 7; Mead et al. 1973, 1975). From a cultural 
perspective, these provinces were based on the premise of isolation, with the notion that as people 
moved eastwards interactions between groups lessened, resulting in the development of local 
patterns of interaction, particularly once the gap between islands increased, creating barriers against 
further interaction (Green 1979a: 47; Summerhayes 2000a: 3). Archaeologically this is reflected in an 
early shared pattern of decorative motifs, while later differences can be explained by "subsequent 
isolation and local stylistic divergence" (Kirch 1988a: 105). Over the years these spatial distinctions 
have been revised to include the "Far Western" province for the Bismarck Archipelago (Anson 1986: 
162), "Western/Central" for the Solomon Island Reef/Santa Cruz group as well as Northern and Central 
Vanuatu (Kirch 1997: 71-72; Sand 2001: 68), and "Southern" for southern Vanuatu and New Caledonia 
(Kirch 1997: 72-73; Sand 2001: 68), while still encompassing Fiji, Tonga and Samoa under the "Eastern" 
Lapita umbrella (Kirch 1997: 73-74; Sand 2001: 68).  
 However, the spatial classifications are not adequate when looking at processes of settlement 
as it is difficult to judge whether patterns of spatial distribution are representative of temporal 
distribution (Anderson 2001: 16). Categorising sites according to their age and periods of occupation 
allows for explicit links to be drawn to the settlement process. To address this, Summerhayes (2000a, 
2000b) sought to reassess the existing framework supporting a spatial division for Lapita sites. As 
opposed to the existing classification, based primarily on decorative attributes, Summerhayes' 
investigation encompassed both stylistic and physicochemical studies of ceramic assemblages from 
New Britain and New Ireland. This was complemented with investigations concerning obsidian 
utilisation, as well as comparison with other sites within both Near and Remote Oceania 
(Summerhayes 2000a, 2000b, 2003, 2004). From these analyses Summerhayes (2000b: 129-131) 
posited three major implications. Firstly, that the existing stylistic provinces are a temporal 
phenomenon as opposed to spatial. Secondly, motifs once thought to be restricted to the east have 
now been identified in the west, but were not part of the early body of motifs in the area, and are also 
absent from earlier assemblages in the Reef/Santa Cruz Islands, Vanuatu and New Caledonia. As such, 
similarities between sites are not simply the result of the initial phases of dispersal, but rather from 
continued widespread interaction. Summerhayes contends that these similarities are not the product 
of pottery exchange, but rather the product of communication and "information exchange" (2000a: 
233). Thirdly, that Anson's notion of a Far Western sub-style in the Bismarck Archipelago, prior to the 
settlement of the rest of the Pacific, is confirmed. This throws doubt onto the notion that the spread 
of Austronesian populations from the west into Remote Oceania was instantaneous, or that any 
variation in motifs was due to local divergence (ibid: 131). Consequently, Summerhayes (2000a) 
contends that there is no geographic division, arguing instead that differences between these style 
provinces are primarily temporal, and that the terms “Far Western”, “Western” and “Eastern” should 
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be replaced by a temporal division comprising “Early”, “Middle”, “Late”, and “Post Lapita Transition” 
phases as follows (2000a: 235; 2003: 136, 2004: 149, 2007b: 145): 
• Early Lapita: 3300-3000/2900 BP 
• Middle Lapita: 2900-2700/2600 BP 
• Late Lapita: 2700/2600- circa 2200 BP 
• Post Lapita Transition: 2200- 1600 BP 
The “Far Western” and “Early Lapita” terms both pertain to sites confined within the Bismarck 
Archipelago and are both appropriate for this study. For consistency, the term Early Lapita will be used 
for the duration of this research. 
1.4. Lapita Ceramics 
 
 As this study has been conducted using ceramics from an Early Lapita site as the archaeological 
assemblage of analysis, this discussion would be incomplete without providing a general overview 
about Lapita pottery. Lapita pottery is a low-fired, sandy textured earthenware which often has a red 
slip applied (Green 1979a: 40; Kirch 1997: 120). Elaborate dentate stamped pottery is undeniably the 
component of material culture that is most synonymous with the Lapita culture. However, while Lapita 
is noted for its highly distinctive dentate stamped ceramics, described by Allen and White (1989: 129) 
as the "sine qua non of Lapita sites", there is also a significant undecorated plain element to the Lapita 
ceramic assemblage (Kirch 2000: 102; Summerhayes 2001a: 54). In many sites, undecorated sherds 
make up most of the ceramic assemblage, with the decorated component often comprising less than 
10 percent (Kirch 1997: 122, 2000: 106). Yet other aspects of the pottery are often overlooked. As 
Summerhayes (2001a: 54) notes, "many archaeologists equate Lapita only with dentate stamped 
decoration", a phenomenon which he terms “dentate-centric”. 
 The nature of Early Lapita mobility in this research is focussed primarily on physiochemical 
analyses, but it is important to note that the nature of ceramic decoration is dynamic and there are 
changes to designs across time and space. As mentioned above, it was recognition of these patterns 
which first led to discussions on temporal and spatial regions within the realm of Lapita expansion. It 
is also worth noting that decorative applications are not limited to dentate stamping but also include 
impression, notching, incision, and other (Note that other includes appliqué, nubbins, 
grooved/channelled, and gouged/excision) (Summerhayes 2000a: 36-37). Motifs are applied in a 
fashion that is highly regular, structured, and repeated, suggesting that potters worked within a 
framework of explicit rules for both the design and application of motifs (Kirch 1997: 125). 
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1.5. Ceramic Function 
 
 What these vessels were used for and the role this pottery played within Lapita society is 
important, as the function and use of these pots would likely have had a direct impact on their 
movement across the Lapita landscape. Considering that the central premise of the current study is to 
examine settlement and mobility patterns of Early Lapita people through ceramic analysis, the function 
of Lapita pottery is examined in more detail than other aspects of the Lapita ceramic assemblage. It is 
abundantly clear that the decorated element of the Lapita ceramic assemblage has an inherent cultural 
significance and carried an important cultural status. Subsequently it seems most likely that Lapita 
plain ware were used for more utilitarian purposes. 
 The “dentate-centric” approach to the study of Lapita ceramics suggests a number of 
functional and societal roles specifically for dentate stamped and other decorated Lapita wares. These 
wares have long been regarded as non-utilitarian ritual objects that held a socially significant role in 
Lapita society, while Summerhayes additionally argues that the dentate stamped vessels specifically 
represent a specialised component of the larger assemblage alongside other decorative techniques 
(Kirch 2000: 104; Summerhayes 2000a, 2001a: 57). 
 It has been argued that decorated pots may have been a representation of kinship or ancestry, 
providing a connection with "homeland" islands (Kirch 2000: 104). Kirch believes that the 
anthropomorphic designs prevalent on Lapita decorated wares may have symbolic representations of 
house or lineage ancestors, possibly exchanged during marriage rituals (Kirch 1997: 145-146) as 
"objects of reciprocal exchange among related kinship groups" (Kirch 2000: 104). He also provides 
precedent for this theory, citing the Austronesian speaking Paiwan peoples of south-central Taiwan, 
who personify their pots and mark them with sexual characteristics, a ritual which is deeply entrenched 
within their origin myth (ibid: 143). Chiu (2003a: 342) also comments on this symbolic relationship in 
contemporary Austronesian society, noting the plausibility that Lapita motifs served the same 
function. 
 More recently, Sand (2013) departs from conventional thought and proposes the novel idea 
that Lapita vessels may have been ritually broken. Setting precedent with examples from Elema groups 
in the Papuan Gulf ceremonially destroying sacred and specially prepared hevehe and kovave masks, 
with similar practices conducted with malanggan masks and poles from New Ireland, Sand (2013: 3-4) 
proposes that colonising groups may have conducted initiation ceremonies upon reaching a new land 
whereby the land would be named and offerings would be presented in large, flat-bottomed dishes 
placed on stands. Upon conclusion of these ceremonies, vessels may have been ritually destroyed 
before being purposefully scattered across the land as a form of “alliance” with the newly settled place 
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(ibid: 4). Sand further uses the case of pots found at the WKO013A site to argue for higher-rank rituals 
whereby pots would be purposefully interred in pits after being "killed" by breaking the base of the 
vessel in order to release embedded magic (ibid). As part of a comment on Sand's proposal, Sheppard 
(2013: 8) raises the proposition that "the “doing” of Lapita decoration may have been much more 
important than the final result, which may have symbolised nothing in any simple direct fashion". 
 Kirch (2000: 106) notes in relation to Lapita plain ware that vessels lack the fire clouding and 
carbonised remains indicative of vessels used for cooking over an open fire, while it has been noted 
that the oft porous nature of vessels also suggests they were not designed for use as cooking vessels 
(Sand et al. 1998: 41). Kirch (1997: 106) speculates that the larger narrow-necked globular jars were 
possibly employed for the storage of sago (Metroxylon) flour, although Summerhayes (2000c: 303) 
does not discount the possibility that these vessels were used for cooking. Crowther (2005: 62) notes 
that reconstructions of Proto Oceanic language terms *kuron (meaning 'earthenware cooking pot') and 
*nasu (meaning 'to boil'), combined with the reality that starchy foods need to be cooked prior to 
consumption, indicates that at least some component of the Lapita ceramic assemblage, likely plain 
wares, were utilitarian. Furthermore, Crowther (ibid) employed chemical residue analysis on sherds 
from the Early Lapita site of Kamgot, in the Anir group, New Ireland, which indicated starch grains and 
raphides of aroid origin, most likely Colocasia esculenta (taro). There may also be an association with 
decorated vessels and use for food display and/or consumption (Chiu.a 2003: 343). With 
anthropomorphic designs present on both dishes from Mussau (Kirch 1997: 139-140) and carinated 
pots from the eponymous Lapita site on the Koné Peninsula, New Caledonia (Sand 1998: 25), it has 
been suggested that these vessels may have played an important role in ritualised feasting, whereby 
ancestral markers on vessels may have been used to elicit acknowledgement and respect from guests, 
or even to authenticate territorial claim or inherit a title (Chiu.a 2003: 343-344). 
 Evidence also shows that in some instances, Lapita vessels were associated with mortuary 
practices (Kirch 2017: 86; Sand et al. 1998). Excavations at the eponymous Lapita WKO013A site found 
two large, intact and intricately decorated vessels as well as large parts of at least nine other vessels 
deliberately interred in a pit (ibid), while the site of Teouma, on the island of Efate, Vanuatu has vessels 
associated with burials (Bedford et al. 2006). A total of 25 burials have been found at the site, with 
highly decorated pottery, both complete vessels and sherds, associated with these, along with a range 
of other grave goods (ibid: 822). The most unique find at the site was the discovery of a complete 
dentate stamped carinated vessel, within which a human skull had been placed (ibid: 819). A complete 
upturned flat-bottomed dish had been placed on top as a lid. Another carinated vessel was also found 
placed adjacent to a skeleton (ibid). Cylinder stands, usually restricted to sites further to the west, 
were also associated with the burials (ibid: 821). All vessels associated with burials were highly 
decorated, while plain vessels were restricted to a midden area (ibid: 824). The nature of these burials 
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and the associated ceramics demonstrate that mortuary practices were significant, with the authors 
noting the close parallels with burial practices common in Southeast Asia (ibid). 
1.6. Lapita Settlements 
 
1.6.1. Settlement locations 
 
 One of the most immediately obvious observations concerning the nature of Lapita settlement 
is that Lapita sites are found along coastlines, usually situated on raised coral platforms, marine 
terraces, and marine sand beaches (Green 1979a: 32; Kirch 2000: 106). Kirch (1997: 166) notes 
however, that in the Mussau group, three Lapita sites (including Talepakemalai) are located on the 
offshore raised limestone islands of Eloaua and Emananus as opposed to the main island of Mussau, 
citing a variety of potential reasons for this including easier access to marine resources, avoidance of 
already inhabited territory, or the desire to avoid the thick plagues of mosquitoes commonly found in 
the humid jungle environments of larger islands. Additionally, settlements were all situated facing 
passages in the reef, which would have allowed for canoes to pass through, while most sites were also 
located where there was a lagoon and barrier reef, or a broad fringing reef (Kirch 1997: 165). 
 Specht and Torrence (2007a: 92) challenge the assumption that Early Lapita communities were 
"tethered to coastal resources". Adopting a landscape approach on Garua Island on the Willaumez 
Peninsula, they demonstrated that while the earliest sites were located on beaches, from around 3050-
2750 BP the focus of activity shifted to inland locations (ibid: 71). It may simply be that the sheer size 
of larger islands renders finding possible sites a challenge (Bedford and Sand 2007: 4). A number of 
Lapita sites have also been located on big islands in Remote Oceania (Mainland New Caledonia, Erueti 
and Teouma on Efate, Vanuatu, and on Santos, Vanuatu), calling into question the trend for Lapita sites 
to be located on smaller offshore islands, at least in Remote Oceania (ibid). Due to changing sea levels 
since the time of Lapita occupation, archaeological evidence of these settlements is now often found 
significantly inland from present day coastlines. 
1.6.2. Settlement scale 
 
 Sites vary in size, and although the full extent of many sites is unknown, patterns concerning 
the scale of Lapita sites are still evident (Kirch 2017: 98). A study of 36 Lapita sites with reliable data 
indicated that approximately two-thirds of sites are smaller than 5000 m² and would have likely 
contained no more than ten dwellings (dubbed 'hamlets' by Kirch), while 22% were mid-sized sites 
(around 9000- 15000 m²) which can be viewed as small villages likely containing 15-30 dwellings (Kirch 
1997: 166-167, 2017: 97-98). Only three large scale sites are known, of which Talepakemalai 
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(approximately 72500-82000 m²) is the most extensive and may have had as many as 150 dwellings 
(Kirch 1997: 166-167, 2017: 97-98; Kirch and Hunt 1988b: Table 2.1), although Kirch notes that it is 
uncertain as to whether occupation of the entire Talepakemalai site would have occurred 
simultaneously. 
1.6.3. Settlement structure 
 
 Lapita settlements were wooden structures consisting of posts and rafters, with thatched roofs 
likely made from sago or pandanus leaf (Kirch 2000: 107). Waterlogged, anaerobic environments at 
Talepakemalai have preserved evidence of wooden house posts, indicating that structures were often 
stilted over reef flats or lagoon shores, with stilts secured into the sand and coral (ibid). This is further 
supported by evidence from the Apalo (FOJ) Lapita settlement in the Arawe Islands (Gosden and Webb 
1994: 36). Based on sea levels at the time of occupation, it is likely that these structures were built on 
stilts at least two metres tall (ibid: 38, 40). At the Tamuarawai site (the focus of the current project) 
there was only ambiguous evidence of post holes representing structures, although the condition of 
artefacts and the nature of the sand matrices in the earliest deposits indicate that at least some 
structures were constructed over the lagoon (Summerhayes et al. 2010b: 72). Depositional evidence 
suggests that in these settlements, high tide water depth would have been around 1.5-2 m at the time 
settlements were established, but would have rapidly become significantly shallower, as the structures 
behaved as a sort of shelter, reducing tidal and wave strength, allowing sediment to accumulate at an 
increased rate (Gosden and Webb 1994: 40). 
1.7. Focus of research 
 
Previous studies which investigated patterns of Early Lapita settlement all recognise a high 
degree of mobility (Anson 1983; 1986; Hennessey 2007; Hunt 1989; Summerhayes 2000a; 2000b; 
2003; 2007; Thomson 1998; Thomson and White 2000). These are discussed in more depth in the 
following chapter. There emerge however, two quite different interpretations of these mobility 
patterns. On the one hand, results from Hunt's analysis argues for significant movement of ceramics, 
possibly from Manus to the Mussau group, with very little local production occurring (Hunt 1989; Kirch 
2000; 2017). This was based on a physicochemical analysis of the ceramic matrices and tempers from 
Mussau sherds which Hunt analysed as part of his PhD thesis (Hunt 1989). This interpretation sees 
pottery production as being conducted by sedentary specialist potters, and occurring as one aspect of 
a larger regional exchange network in which different Early Lapita communities each produced 
different forms of material culture which were then exchanged between communities (Hogg 2012: 1). 
Hunt’s (1989) study is discussed in further detail in Chapter 2, and later in relation to the results of this 
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research. On the other hand, a number of studies conducted using similar methodologies contend that 
the majority of ceramics were produced locally, with little evidence for pots being moved around 
(Anson 1983; 1986; Hennessey 2007; Summerhayes 2000a; 2000b; 2003; 2007; Thomson 1998; 
Thomson and White 2000). These studies are also discussed in depth later in this research. In this 
interpretation, Early Lapita potters were mobile specialists who moved extensively within the near 
vicinity of their settlements to obtain materials which were returned to their settlement and 
manufactured into ceramic vessels for local use (Hogg 2012: 1). 
With these differences in mind, the current study has been conducted with the objective of 
assessing the nature of Early Lapita settlement. To do this one needs to first examine and assess models 
of interaction and mobility for Early Lapita. This will be done by conducting a physicochemical 
characterisation analysis on the ceramic assemblage from the Early Lapita site of Tamuarawai (EQS), 
located on Emirau Island, New Ireland. This objective led to the following questions: 
1. What does physicochemical analysis of the ceramic assemblage from Tamuarawai suggest 
about the patterns of interaction and mobility of those who inhabited the site? 
2. How do the patterns identified at Tamuarawai fit within existing models of Early Lapita 
settlement and mobility? Does it support the claim that the majority of ceramics were 
produced locally, or does it suggest high movement of pottery with little local production 
occurring? 
As this study is focussed on Early Lapita settlement and mobility, the following chapter focusses 
on these aspects of the Lapita Cultural Complex. It provides an account of how Lapita mobility patterns 
have been studied through both non-ceramic and ceramic analyses. Due to the ceramic methodology 
employed in this study, previous studies in ceramic analyses will be given more attention, with special 
regard to the employment and role of Ceramic Paste Compositional Reference Units (CPCRUs) in 
ceramic mobility studies. Chapter 3. provides the background for Tamuarawai (EQS), placing the site 
geographically and chronologically, and discusses the archaeology of the site, including current 
interpretations pertaining to the community who inhabited the site. Chapter 4. details the 
methodological approach employed for this study and provides an argument for why these methods 
were used. Chapter 5. presents the results of this study as well as initial interpretations. Chapter 6. 
addresses the results of this research in relation to the issues and questions that were laid out earlier 
in the current chapter. In addressing these questions, the results are related to previous archaeological 




2. Settlement and mobility in the Lapita 
Cultural Complex 
 
 The previous chapter provided an overview of this study, and a generalised background on the 
Lapita Cultural Complex to outline the context within which this study fits. Building on the foundation 
laid out in Chapter 1, this chapter provides a more focussed discussion concerning mobility patterns 
within the Lapita Cultural Complex. As mentioned in Chapter 1, known Early Lapita sites are few, with 
Tamuarawai only being the 10th Lapita site identified as Early Lapita (Summerhayes et al. 2010b: 62). 
While mobility studies conducted on these sites have provided important insights, the established 
models of Early Lapita settlement and mobility are based on little data, and the addition of any further 
studies on this theme are extremely important for refining and providing further weight to our 
understanding of these colonisation processes. Furthermore, as Early Lapita sites represent the initial 
phases of a much larger migration and settlement phenomena, it is important for us to thoroughly 
understand these initial processes more fully to understand the Lapita Cultural Complex as a whole 
entity. 
 This chapter will begin with an overview of all known Early Lapita sites, what archaeological 
work has been conducted on these, and what similarities and differences can be identified between 
the sites. Following this will be a review of previous mobility studies conducted through both non-
ceramic and ceramic analyses. It finishes with a look at the role of Ceramic Paste Compositional 
Reference Units (CPCRUs) in the study of mobility. 
2.1. Early Lapita sites 
 
As mentioned previously, of over 100 find spots of Lapita pottery within the Bismarck 
Archipelago alone, only 10 have been identified as Early Lapita (Summerhayes et al. 2010b: 62). These 
10 sites are identified on the map in Figure 2, while Table 1 provides a list of the sites, their locations, 




Figure 2. Map of the Bismarck Archipelago showing all known Early Lapita sites (modified from Summerhayes 2004: 146; 
Figure 1). 
Table 1. List of Early Lapita sites with location, dates, and related sources. 






No absolute dates due to 
site disturbance. Based 
on pottery similarities 
with other sites, FCR/FCS 
likely dates from 
between 3300-3000 BP 
through until 2900-2600 
BP (Specht 2007: 113) 
Specht 1974; Specht 
2007; Specht and 
Torrence 2007b 




Initial use of site by 3340-
3000 cal. BP. Use 
continued until around 
2900 to 2700-2600 cal. 
BP (Specht and 
Ambrose and Gosden 
1991; Specht and 
Summerhayes 2007; 
Summerhayes 2000a; 





Kabakon (SEE) Duke of York Islands, 
East New Britain 
3000-2740 cal. BP (White 
2007: 5) 
Thompson and White 
2000; White 2007; White 
and Harris 1997. 
Talepakemalai (ECA) Mussau Island 
group, New Ireland 
3200-2700 cal. BP (Kirch 
1987: 168; Kirch 1988b: 
334; Kirch 2001b: 205-
214) 
Hunt 1989; Kirch 2000; 
Kirch 2001a 
Etakasarai (ECB) Mussau Island 
group, New Ireland 
3300-3200 cal. BP (Kirch 
1987: 168; 2001b: 202-
203, 213-214) 





group, New Ireland 
3400-3300 cal. BP (Kirch 
1987; 2001b: 214-216) 
Hunt 1989; Kirch 2000; 
Kirch 2001a 




3240-2720 cal. BP 
(Summerhayes 2001b: 
33) 
Gosden 1989; 1990; 
Summerhayes 2000a; 
2000b 








Gosden 1989; 1990; 
Summerhayes 2000a; 
2000b 
Kamgot (ERA) Babase Island, the 
Anir Islands, New 
Ireland 






Tamuarawai (EQS) Emirau Island, New 
Ireland 
3360-2960 cal. BP 
(Summerhayes et al. 
2010b: 65-66) 
Hogg 2012; 






2.1.1. Lagenda Plantation (FCR/FCS) 
 
The Lagenda Plantation site was largely destroyed prior to archaeological investigation, so 
information about this site is dependent on surface collections only (Specht 2007: 105). As a result of 
the disturbance, absolute dating of the site was not possible, however using the pottery as a medium 
for comparative analysis it is suggested that occupation of the site began about 3300-3000 cal. BP and 
ended no later than 2900-2600 cal. BP (ibid). In his initial report Specht (1974: 303) describes FCS as 
being located on one of the few areas of raised coral reef near Talasea, a predominantly volcanic area. 
Due to the condition of the sites, settlement structure type is unable to be determined, but Specht and 
Torrence (2007: 150) also point out that we cannot discount the possibility that part of the sites may 
have been over the inter-tidal flats. It was determined that little, if any, of the archaeological material 
found was in situ. These materials included both plain and decorated pottery sherds, obsidian flakes 
and fragments of ground stone tools (ibid). Some of the obsidian found are in forms which predate 
Lapita in the area, but due to disturbance the relationship between those and the Lapita site is 
uncertain (Specht 2007: 106). 
Pottery collected at FCR and FCS numbered approximately 750 sherds with the vast majority 
collected at FCS. Analysis of vessel forms confirms the presence of seven of the eight vessel forms 
identified by Summerhayes (2000a: 33-35) in the Arawes. Specht (2007: 108) notes that vessel forms 
I, II, and VII are the most frequently decorated, while rims of forms IV, V, and VI are rarely decorated. 
Comparative analysis of decorative motifs on the pottery demonstrate links with assemblages at other 
sites in the New Britain area including Makekur (FOH) and Paligmente (FNY) in the Arawes, and Boduna 
(FEA) off the coast of Talasea (Specht 2007: 109). Several motifs, M149 and M205 are exclusive to 
FCR/FCS. Compositional analysis has demonstrated that the pottery assemblage was manufactured 
using local clays and volcanic sand tempers (Anson 1983; Specht 2007: 108). 
2.1.2. Boduna (FEA), Boduna Island 
 
The FEA site is located on Boduna Island, a tiny 100 m x 60 m coral island located on the east 
side of the Willaumez Peninsula, roughly 4 km from Talasea (Ambrose and Gosden 1991: 182). Dates 
show that use of the site began around 3340-3000 cal. BP, but no dates have been determined for 
when pottery use on the island ended (Specht and Summerhayes 2007: 51-52; 56). Analysis suggests 
that the FEA site was subject to considerable disturbance and displacement of materials prior to 
archaeological survey and excavations (ibid: 58). The site covers the entire island and extends onto the 
fringing reef and into the lagoon, a site area of around 11000-12000 m² (ibid: 52). Initial occupation at 
FEA was most likely on land, with the ceramic deposition on the lagoon floor occurring either at the 
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same time or slightly later, possibly in association with stilted structures over the sea (Specht and 
Torrence 2007: 150). This is consistent with the type of pattern we see at other Early Lapita sites, such 
as the Mussau sites (Kirch 2017: 98). There are differences between the materials excavated on land 
and those from the intertidal zones, which could indicate potential temporal or spatial differentiation 
in discard patterns or activity areas, but the relationship between the two groups of sherds remains 
unclear (Specht and Summerhayes 2007: 52; 69). Boduna is a very small island, and was likely 
unsuitable for permanent occupation without access to the mainland or larger islands for importation 
of food and access to other resources (Specht and Summerhayes 2007: 51). It has been suggested that 
the island may be have been visited on an irregular basis, perhaps as a meeting place for dispersed 
groups to assemble for ritual or ceremonial purposes (Specht and Summerhayes 2007: 51; Specht and 
Torrence 2007: 150). The location of FEA means that it would have been very exposed to poor weather 
during the wet season, giving further support to the notion that the site may not have been routinely 
inhabited (ibid: 152). 
Compositional studies have shown that most of the pottery was made from local clays and 
tempers (Summerhayes 2000a; Specht and Summerhayes 2007). Six fabric groups were identified for 
the FEA assemblage, with two main groups and four minor groups (Summerhayes 2000a: 145-149; 
Specht and Summerhayes 2007: 61, Table 8). Summerhayes (2000a: 228-229) describes the mode of 
ceramic production at FEA as being “standardised” and “conservative”, with the assemblage mostly 
being produced locally. A few sherds were probably made on the south coast of New Britain (ibid: 218). 
The inclusion of an obsidian chip in one sherd at FEA possibly indicates a production centre on the 
north side of Garua Harbour, but a lack of the same material in sherds from FCR/FCS indicates the 
presence of at least two production centres within the Talasea region (Specht and Torrence 2007: 152). 
Over time there was a shift from predominantly dentate stamped pottery to more incised decoration 
at FEA, with a decrease in the frequency of carinated shoulders but an increase in rounded one with 
less decoration, as well as an increase in plain rims, a pattern which matches the shift seen at ECA in 
the Mussau group (ibid: 69). 
2.1.3. Kabakan (SEE), Duke of York Islands, East New Britain 
 
The Duke of York Island group comprises 12 islands in East New Britain, located in St. George’s 
Channel between the northern tip of New Britain and New Ireland (White 2007: 4). 21 sites containing 
ceramics have been surveyed on the Duke of York Islands with one on Kabakan Island (SEE) being 
identified as Early Lapita (Summerhayes et al. 2010b: 62; Thompson and White 2000: 312; White 2007: 
4-5). The Duke of York sites are typical of the pattern already established in the Bismarck Archipelago 
in that sites are primarily located on smaller offshore islands, near to the mainland (White 2007: 4). 
Test pit excavations revealed only one major period of occupation, although the stratigraphy at SEE 
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was more complex than the other sites investigated (White 2007: 5; White and Harris 1997: 100), while 
the waterlogged nature of the site is also similar to what is found at Mussau, the Arawes, and 
Tamuarawai (Kirch 2000; Summerhayes et al. 2010b; White and Harris 1997: 98). Obsidian collected 
was almost entirely flakes and chips weighing less than two grams, with very few cores (White 2007: 
5). The majority of “classic” Lapita ceramics excavated from the Duke of York Islands sites were found 
at SEE (White and Harris 1997: 100). Roughly 20% of the ceramics at SEE were highly decorated with 
fine execution and many designs present, indicative of an Early Lapita site, although puzzlingly 80% of 
the roughly 5000 sherds recovered at SEE were found on or within 10 cm of the surface, above the 
ashy layer confirmed to have been deposited by the Rabaul eruption 1400 years ago, which is 
suggestive of post-depositional disturbance (ibid: 98, 100). The physicochemical analysis of the Duke 
of York Islands ceramics is discussed in more detail in the literature review of Thompson (1998) and 
Thompson and White (2000), but essentially shows that while only about 25% of the ceramics were 
produced within the Duke of York Islands themselves, the majority was made elsewhere but nearby, 
demonstrating no evidence for the large scale movement of Lapita pottery (Thompson 1998; 
Thompson and White 2000). 
2.1.4. The Mussau sites: Talepakemalai (ECA), Etakosarai (ECB), and 
Etapakengaroasa (EHB) 
 
The Mussau Islands, or St. Mathias Group, are situated 150 km northwest of New Ireland. The 
largest island of the group, Mussau, has a basaltic core, while the rest of the group is comprised of 
much smaller coral islands (Dixon 1981; Egloff 1974: 15). The three Lapita sites described here were 
excavated in 1985-1986 as part of the Lapita Homeland Project (Allen 1984), having been selected for 
archaeological investigation following the identification during earlier survey work of at least two sites 
containing dentate stamped pottery (Egloff 1975; Kirch 1987: 163). Over three field seasons, the team 
focussed on a cluster of 11 smaller coral islands situated off the southwest extent of Mussau, with the 
three Lapita sites excavated being located on two islands, Eloaua and Emananus (Kirch 1987: 164-165). 
Several non-Lapita archaeological sites were also investigated. Kirch notes that these sites yielded a 
variety of cultural materials that are “unparalleled in diversity, quantity, and quality of preservation” 
compared to any other Lapita site that had been excavated at the time (ibid: 164). 
The largest of the three Mussau Lapita sites is Talepakemalai (ECA), located on Eloaua, which 
had surface sherds of ceramics and obsidian extending across an area of roughly 85000 m2. The site is 
confined between two inland parallel beach ridges, indicative of former shorelines (ibid: 165). The 
Talepakemalai site consists of two main zones, one on the elevated beach terrace and the other 
consisting of an alignment of stilted structures running parallel to the beach between 10-50 m offshore 
(Kirch 1997: 172). As is a common trend at early Lapita sites, much of the archaeological deposits on 
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the beach terrace zone have been heavily disturbed, primarily by centuries of yam gardening (ibid). 
Despite the disturbance, there were some quite noticeable differences between the two zones. 
Ceramic sherds found on the beach terrace consist almost exclusively of plainware pottery, mostly 
large globular jars, which Kirch suggests would have been suited to cooking or for storing liquids or 
materials such as sago flour (ibid). Ceramics found in the stilted structure zone also consisted of some 
plainware but included a range of highly decorated dentate stamped sherds (ibid: 172-173). Vessel 
forms for these wares included open bowls with supporting pedestals or ring feet, cylinder stands, and 
flat-bottomed dishes (ibid). This contrast also extends to other types of material culture. Rich middens 
were found on the beach terrace, along with obsidian flakes and some shell rings which were still being 
manufactured (ibid). Material culture found in the stilted structure zone included a variety of artefacts 
including shell ornaments or exchange goods such as shell rings, beads and pendants, as well as adzes, 
fishhooks, knives and scrapers, abrading tools, and even a human figure carved of porpoise bone (ibid). 
This indicates a clear functional separation of the zones, with the restriction of elaborate materials to 
the stilted structure area indicating socially significant events of some type took place in this zone in 
addition to more commonplace everyday events (ibid: 173). 
Etakosarai (ECB), the second Lapita site on Eloaua, is located less than 2 km west of ECA at the 
point where Eloaua is narrowest (Kirch 1987: 166). This site is also situated on a former beach terrace. 
The stretch of land which exists between ECA and ECB today would have been an open channel at the 
time of Lapita occupation, dividing the current island into two (Kirch 1987: 166; Kirch 1997: 169). ECB 
is substantially smaller than ECA, with a surface area of only around 6000 m2, and as with ECA, pottery 
sherds and obsidian as well as midden shells, were scattered around the surface of the site. 
The third Mussau Lapita site is Etapakengaroasa (EHB), situated on Emananus, another small 
raised coral reef island immediately adjacent to Eloaua (Kirch 1987: 166; Kirch 2001c: 140). This site 
had extensive disturbance due to crab burrowing, but excavations yielded a range of cultural material 
including 7552 ceramic sherds (Kirch 2001c: 140-143). The ceramic assemblage from EHB included a 
significant amount of fine dentate stamped sherds, as well as pedestal feet, both congruent with Early 
Lapita ceramics (ibid: 143). 
The Mussau sites are varied in size, although all have similar settlement patterns associated 
with stilted house architecture situated on beach terraces or over shallow tidal flats (ibid: 142). The 
largest site, Talepakemalai, appears to have had continuous occupation for at least 500 years, possibly 
for as long as 700-800 years, while Etakosarai and Etapakengaroasa were probably only occupied for 
around 100 years or less (ibid: 143). The results of physicochemical analyses on the Mussau Lapita 
assemblages are discussed in detail later in this chapter, but show that potters were accessing a wide 
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range of clay sources, indicating a high degree of mobility, the nature of which is discussed along with 
the result of the Mussau physicochemical analyses (Kirch 2017: 104). 
2.1.5. The Arawe Islands sites: Makekur (FOH), Adwe Island, and Paligmente (FNY), 
Pililo Island 
 
Makekur (FOH) is located on a sand spit on the northern tip of Adwe Island, located off the 
south-west coast of New Britain (Summerhayes 2000a: 18, 21). Excavations at the site took place over 
four field seasons from 1987-1992 with a total of 28 test pits excavated (ibid: 21-22). Paligmente (FNY) 
is located on the north-west side of Pililo Island, several kilometres east of Adwe (ibid: 19, 25). 
Summerhayes’ (2000a) study is discussed in detail later in this chapter and involved both a stylistic 
analysis of the form and decoration of the ceramic assemblages, as well as a comprehensive 
physiochemical analysis. Results showed both changes in stylistic patterns over time, as well as 
changes in production patterns over time (ibid: 231-236). These patterns demonstrate a high degree 
of mobility in the Early Lapita period, with a wide range of resources utilised (ibid: 235). During this 
period there was no specialist production centres and production was predominantly local (ibid). Over 
time pottery production patterns shift to be more homogenous, with a reduction in the number of 
production centres evident in the Arawe assemblages (ibid: 234). 
2.1.6. Kamgot (ERA), Babase Island, the Anir island group 
 
The Early Lapita site of Kamgot (ERA) is located on Babase Island in the Anir island group, New 
Ireland. Four Lapita sites are known in the Anir group, Kamgot being the only Early Lapita site, while 
the sites of Balbalankin (ERC), Malekolon (EAQ), and Feni Mission (ERG) are temporally situated within 
the mid to late Lapita periods (Hennessey 2007: 28; Summerhayes 2001b: 34). The Kamgot site was 
initially interpreted as Early Lapita based on analysis of the ceramic and obsidian assemblages, and this 
was later confirmed through radiocarbon dating (Hennessey 2007: 29). The site is now situated 114m 
inland, although evidence suggests that at time of occupation it would have been at least partially 
located underwater, indicating that the settlement at Kamgot likely consisted of stilted houses built 
over the water, a common characteristic in Early Lapita (Hennessey 2007: 29; Summerhayes 2000d: 
171). Fieldwork was conducted by collecting surface materials and through the excavation of 17 test 
pits, revealing a deeply stratified site (Summerhayes 2000d: 171). Over 14000 pottery sherds and over 
1000 pieces of obsidian were excavated, along with a range of shell artefacts and faunal remains typical 
of Lapita (ibid). Hennessey (2007: 31) notes that tectonic uplift has been crucial in protecting the site 
from coastal erosion, meaning Kamgot is an important site for studying the lifestyles of Early Lapita 
inhabitants. Physicochemical analysis of the ceramic assemblage was conducted by Hennessey (2007) 
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and is discussed in detail later in this chapter. Following the trend seen at the sites discussed above, 
the results of Hennessey’s (ibid) research demonstrates that the inhabitants of Kamgot were highly 
mobile, utilising a wide range of resources for pottery production, although these mostly derived from 
locales within the Anir group (ibid: 83-84). 
2.2. Studying mobility through non-ceramic means 
 
 While the current project aims to investigate Lapita mobility patterns through ceramic 
analysis, pottery is only one of a variety of materials associated with Lapita sites which can provide a 
means for assessing mobility patterns. Along with ceramics, obsidian also plays a significant 
complementary role in modelling the socio-economic nature of Lapita communities (Summerhayes 
2003: 135). 
 There are three primary approaches to studying Lapita obsidian exchange. The first approach 
analyses the geographical spread of obsidian. The second approach examines spatial and temporal 
distribution from sources, and the final major approach looks at technologies of obsidian usage (ibid). 
Obsidian is only found in three regions within the Bismarcks: The Admiralty Islands (specifically Pam 
Island and Lou Island), the Willaumez Peninsula, and Mopir (Figure 2). Obsidian has a very distinct 
chemical signature, and within the Admiralty and Willaumez sources chemically distinct sub-groups 
are evident (Summerhayes 2004: 145). Combining this with the geographically restricted occurrence 
allows for obsidian found in archaeological sites to be traced to their specific geological source, 
providing important insight into changing patterns of distribution which in turn can allow for the 




Figure 2. The Bismarck Archipelago showing known obsidian sources (modified from Summerhayes 2004: 146; Figure 1). 
 Patterns of obsidian distribution change considerably from the Early Lapita period through the 
Middle, Late, and Post Lapita periods (Summerhayes 2003: 137-138, 2004: 148-151). Summerhayes 
(2003: 137-138) refers to two spheres of distribution occurring, beginning with a southern network 
stemming from west New Britain, followed later by a northern network moving west to east out of the 
Admiralties. As the current project concerns solely the Early Lapita period, only distribution patterns 
from this phase will be discussed further. 
 In the Early Lapita period, all assemblages in the Bismarcks are dominated by obsidian from 




Figure 3. Regional distribution of obsidian during the Early Lapita period (modified from Summerhayes 2003: 137; Figure 
2). 
  Interestingly, although obsidian from Mopir, 60 kilometres east from the Kutau source, has 
been utilised for the past 20000 years, it is generally absent from Lapita assemblages, with use ceasing 
around the same time as the c.3500 BP Witori (WK-2) eruption (Summerhayes 2003: 137-138; 
Summerhayes and Allen 1993). The movement of Admiralties obsidian only occurs for the first time 
during the Early Lapita period (Summerhayes 2003: 137). During this period Boduna (FEA), Adwe (FOH), 
Paligmente (FNY), Kabakan (SEE), and Kamgot (ERA) are all dominated by obsidian from the Kutau 
source (Summerhayes 2004: 148-149). Further to the north there is a larger proportion of Admiralties 
obsidian, although the Kutau source is still very common. In the earlier layers of the Talepakemalai 
(ECA) site, proportions of Admiralties and Willaumez obsidian are approximately equal (Kirch et al. 
1991: 157). However, at the focus site of the current study, Tamuarawai (EQS), the assemblage was 
dominated by the Admiralties sources (75%), primarily the Umrei source on Lou Island (Summerhayes 
et al. 2010b: 69). 
 Examining these distributions from a spatial perspective, it appears that proximity to the 
source played some role in the spread of obsidian. Both Talepakemalai and Tamuarawai are 
significantly closer to the Admiralties sources, and we see a much greater proportion of Admiralties 
obsidian in these assemblages, while sites on or near New Britain have higher proportions from the 
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west New Britain sources (Summerhayes 2004: 150; Summerhayes et al. 2010b: 70) (Figure 3). Kamgot 
in the Anir group, a similar distance from both the Admiralty and Willaumez sources has 80% 
Willaumez dominance (Summerhayes 2004: 150) (Figure 3). Proportions of both the Talepakemalai 
and Kamgot suggest that while proximity to source may play some role in patterns of distribution, it is 
not wholly responsible. 
 Technological analysis demonstrates that in the Early Lapita period obsidian was not carefully 
economised and proximity to the source was not an important factor in obsidian reduction 
(Summerhayes 2003: 138). This pattern has been demonstrated consistently across Early Lapita 
assemblages including Kamgot, the Arawes, Mussau, the Duke of York Islands, and Tamuarawai 
(Summerhayes 2003: 138; Summerhayes et al. 2010b: 70). It has been argued that based on the nature 
of similar technological use in the Reef/ Santa Cruz region, the value of obsidian is social (Sheppard 
1993: 135), although Torrence et al. (1996: 220) propose that obsidian was collected concurrently 
while conducting other activities, hence the lack of proximity to source factoring in reduction. 
However, patterns of exclusivity, that is the near monopoly of Kutau obsidian in Early Lapita sites, 
suggests that distribution was controlled from the source region, giving credence to the idea of an 
inherent social value existing in obsidian distribution (Torrence and Summerhayes 1997: 75). 
 Furthermore, patterns of obsidian distribution change from the Early Lapita period into the 
Middle and Late Lapita periods. During these periods, the patterns of distribution change to one where 
most obsidian is procured from closer sources (Summerhayes 2004: 153). Summerhayes (ibid) argues 
that this is reflective of changing settlement patterns, specifically from a mobile pattern to a more 
sedentary form of settlement. 
2.3. Studying mobility through ceramic analysis 
 
 In contrast to the study of obsidian movement, the study of mobility through ceramic analysis 
can provide drastically differing insight into the movement of peoples, and possible exchange systems. 
As Hunt (1993: 51) notes, while obsidian is extremely limited in its natural distribution, materials 
suitable for the manufacture of pottery are widespread across the western Pacific. In turn, this means 
that while the movement and exchange of obsidian can be explained by its geographic restriction, the 
movement of pottery “cannot be explained simply as the redistribution of unevenly distributed 
regional resources” (ibid). Due to its bulk and fragility, ceramic distribution should be more strongly 
affected by distances and routes than lithics, meaning that they can potentially provide proportionally 
greater resolution concerning exchange networks or movements (ibid). Furthermore, ceramics have a 
short lifespan as vessels, while obsidian may be reused, retouched, and reworked for some time, or 
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even mined from prior occupations for reuse, and as such, obsidian trends may not necessarily reflect 
the chronology of movement as clearly as can be provided by ceramic evidence (ibid). 
This section contains a literature review of the major works that have been conducted 
pertaining to the study of mobility of Early Lapita communities, with particular reference to those 
studies conducted using methods of physicochemical characterisation. 
 The first study to be discussed was conducted by Anson (1983, 1986). Anson's study examined 
ceramics from four sites in the Bismarcks: Watom, Ambitle, Talasea, and Eloaue, as well as comparison 
with assemblages from New Caledonia, Reef/Santa Cruz, Vanuatu, and Fiji to the east (Anson 1986: 
159). The aim of this was to determine whether the ceramics at each site had common origins, and to 
assess models of Lapita dispersal into Oceania (Anson 1986: 157). This began with a reclassification of 
the decorative motifs on Lapita sherds from within the Bismarck Archipelago. Based on similarities in 
the motifs present of sherds from Ambitle, Talasea and Eloaue, Anson argued that they were earlier 
than Watom and other sites to the east (ibid: 162). This led Anson to redefine Green's "Western" 
province to encompass Bismarck sites under the umbrella "Far Western", as well as to the contention 
that this evidence supports hypotheses that see the development of the Lapita Cultural Complex as 
occurring within the Bismarck Archipelago (ibid). 
 As part of his PhD, Anson (1983) also conducted a basic physicochemical characterisation study 
of 21 sherds from the four Bismarck sites mentioned above using methods of petrography, x-ray 
fluorescence (XRF) and electron microprobe analysis. The goal was to assess whether the similarities 
in decoration between the sites extended to the materials used for pottery manufacture. Results 
showed that despite decorative similarities, the composition of ceramics from all four sites were 
different. While sherds from Watom, Ambitle and Talasea were all distinct compositionally, the Eloaue 
sherds fell into several groups, which Anson argued might "originate from more than one source" (ibid: 
116). While establishing provenance was not the goal of this project, Anson did compare the four 
Watom sherds against a single clay sample from the island, concluding that they were similar, but this 
was not definitive (ibid: 166). Overall, it was argued that the majority of ceramics originated locally 
(ibid). Anson's (1983, 1986) work provides several valuable insights into the behaviour of potters in the 
region. Firstly, analysis of decorative attributes allowed for a reclassification of Lapita provinces. 
Coupled with the characterisation analysis, this indicates that little to no movement or exchange of 
pottery was occurring, meaning that similarities in decorative motifs are likely explained by the sharing 
of cultural ideas as opposed to an extensive network of exchange (ibid: 278). 
 The second major study, the Mussau Project, is one of the most prolific and in-depth studies 
concerning Early Lapita. It was headed by Kirch on the Mussau Island group, with particular attention 
to the Talepakemalai (ECA) site. Spanning a large number of publications (Kirch 1987, 1988b, 1990, 
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2001; Kirch et al. 1987; Kirch and Hunt 1988a; Kirch et al. 1991; Kirch et al. 2015), this project can be 
most succinctly summarised within his 'Lapita Peoples' (1997) and 'On the Road of the Winds'  (2000) 
(as well as the recent revised and expanded edition of the latter (Kirch 2017)) volumes. Hunt's (1989) 
PhD thesis also forms an important component of this project, particularly the study of Early Lapita 
mobility through ceramic analysis. These sites were excavated by Kirch as part of the large-scale Lapita 
Homeland Project (Allen and Gosden 1991). Kirch selected these sites based on earlier work by Brian 
Egloff which had resulted in the discovery of two sites, one of which was the now eponymous Early 
Lapita Talepakemalai (ECA) site (Egloff 1975; Kirch 1987: 164). There are now three known Lapita sites, 
ECA, ECB, and EHB, in the Mussau group, along with multiple non-Lapita sites (Hunt 1989: 96). 
 Hunt conducted physicochemical work on ceramics from five assemblages in the Mussau 
Islands (Lapita sites ECA/A, ECA/B, ECB, EHB, as well as rock shelter site EKQ) with the specific goal of 
investigating interisland ceramic exchange in Lapita communities (ibid: 119). Hunt notes that 
identification of temper alone is insufficient for analyses regarding mobility and interaction, 
particularly considering the abundance of calcareous tempers used in the sherds, as calcareous 
materials are ubiquitous across the Pacific (ibid: 148). Consequently, this data was supplemented by 
conducting an elemental microanalysis of the ceramic matrices from 172 sherds using a scanning 
electron microscope (SEM) integrated with an energy-dispersive spectrometer (EDS) (ibid: 163). Along 
with sherd samples, a sample from the only known clay source on Mussau Island was also analysed as 
were two samples from sources in the Manus group that are used today, in order that sherds could be 
assessed as to whether or not their production was localised (ibid: 169-170). 
 The temper analysis conducted by Hunt was limited, and more akin to the procedure used by 
Hennessey (2007) and Hogg (2007, 2012) as a means of categorising sherds into major temper groups 
to allow for subsequent selection of a representative sample for further geochemical analysis. A visual 
analysis of the dominant and subordinate inclusions was conducted using a low powered reflected 
light microscope, with samples being categorised into one of three groups (Hunt 1989: 204-205): 
 1. Calcareous sand with no other constituents. 
 2. Calcareous sand with secondary (often small) amount of black sand. 
 3. Black sand and quartz. 
 Hunt's first category, calcareous with no other constituents, was by far the most commonly 
represented fabric within all assemblages, with sherd assemblages consisting of 76% calcareous 
(ECA/B), 78.2% (ECB), 91% (ECA/A), and 96% (EHB) for the open Lapita sites, and 99% for the 
rockshelter (EKQ) (Summerhayes 1996: 22, as cited by Thomson 1998: 21-22). 
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 For analysis of the ceramic matrices Hunt examined 175 sherds (Hunt 1989: 163). Results from 
the clay compositional data led Hunt to argue that 88-100% of the sherd analyses were exotic to the 
Mussau group. This constituted the at least 16 independent compositional groups, one of which is 
indistinguishable from the Mussau source and is thus argued to represent local production, while the 
remaining groups are thought to represent exotic clays (ibid: 189-191). Two of these groups are 
congruent with the contemporary Manus source samples, leaving the remaining 13 sources 
unidentified (ibid). During the earliest phase of occupation (ca. 3250-2950 BP) at the Talepakemalai 
(ECA) site at least 12 distinct clay sources were used by potters to create the assemblage, with Hunt 
noting that none of these sources match either the Mussau source or the contemporary Manus 
sources, though may derive from other Manus sources or possibly sources on New Ireland or islands 
such as Tabar, Lihir or Ambitle off the northern New Ireland coast (Hunt 1989: 200; Kirch 2017: 104). 
Consequently, Kirch (1997: 242-246) argues that Talepakemalai and the Mussau sites are merely nodes 
within a larger Lapita network, even suggesting that the “high centrality” of Mussau within the  
Bismarck archipelago would have afforded it a certain significance within that larger network (ibid: 
242). 
 There are a few issues with Hunt's analysis which need to be addressed. Temper analysis 
conducted using the methodology employed by Hunt could not have produced an accurate and 
comprehensive mineralogical profile. Visual analysis conducted via a low powered microscope is not 
particularly accurate, as many minerals appear to be the same or similar under these conditions. Issues 
with this approach arise when one tries to interpret what this data means. Without a full mineralogical 
profile, trying to match tempers to potential source areas becomes problematic. To further compound 
this issue, the interpretation Hunt proposes is based on the assumption that the local geology is much 
simpler than actuality. While there has been little published regarding the geology of Mussau, it has 
been reported that the central hills of the island are underlain with a core of volcanic pyroclastics and 
lavas, primarily basalts and tuffs, while gabbros have also been noted (Dadisman and Marlow 1988: 
212-213; Ford and Feodoroff 1974: 4-5). Volcanic pebbles were also found in creeks on the northern 
extent of Mussau (White and Warin 1964: 59). These rock types could certainly account for some of 
the non-calcareous tempers present in the Mussau assemblages, but with a lack of temper 
identification this possibility cannot be confirmed or rejected. Consequently, Hunt argued that 
"present knowledge of local geology cannot account for concentrated mineral sand deposits free of 
calcareous or other carbonate detritus anywhere in the Mussau group" (Hunt 1989: 120). 
 The simplistic view of local geology also extends into interpretations concerning the clay 
analysis. Commenting on the sampling of the only known local source and addressing the possibility of 
the existence of other sources, Hunt (ibid: 169) argues that "given the simple geology of Mussau, such 
sources will be highly similar in chemical composition". Considering the more complex geology that 
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exists on Mussau, should other sources exist, or once have existed, we could expect a larger degree of 
compositional variation than supposed by Hunt. Furthermore, considering its situation as part of the 
mid-Tertiary volcanic arc associated with the Manus and Mussau Trenches, which are still considered 
to be active (Dadisman and Marlow 1988: 212-213; Ryan and Marlow 1988: 209), it is a reasonable 
assumption that Mussau has had a tumultuous tectonic history, whereby uplift and weathering could 
have caused secondary depositions and mixing of clay sources and/or sediments, creating the 
likelihood of significant variability across the island. Regardless of these issues, Hunt's project plays an 
integral role in studies of Lapita mobility, and is an important foundation upon which current theories 
of mobility have been built, particularly in regard to Kirch's (1997: 239-241) hypothesis contending that 
individual Lapita communities represent "nodes" in a wider interactive network. 
 The Lapita Interaction volume published by Summerhayes (2000a) summarises one of the 
major studies relevant to this project. Summerhayes (ibid) examined the nature of interaction in the 
Western Pacific, specifically through an in-depth and multifaceted study of ceramic production, 
exchange and use in third millennium BP West New Britain.  West New Britain was selected for the 
focus of this study as its “lengthy ceramic sequences” allowed for the nature of ceramic production 
and exchange to be examined not only statically, but dynamically as patterns changed throughout the 
sequences (Summerhayes 2000a: 3). The questions this research aimed to answer were threefold. The 
first aim of the project was to evaluate the place of dentate pottery within Lapita society, and the role 
it played with those that produced and used it. Secondly, as similarities between Lapita ceramics were 
already well described over long distances, this project aimed to reevaluate how much of this was 
influenced by exchange, the movement of pots, or the movement of people and ideas. Finally, this 
project was undertaken to reevaluate the definition of Lapita provinces (ibid: 3). 
 To investigate these questions Summerhayes’ (2000a: 4) took a three-pronged approach. The 
first component was a formal analysis of the pottery assemblages. This aimed to assess the nature of 
the dentate component, specifically how these West New Britain assemblages fit within pre-defined 
style provinces, and whether any temporal changes to the assemblage were specific to the Bismarcks, 
indicating a localised sphere of interaction, or whether the assemblages shared similarities with 
changes across the wider Pacific, indicating widespread interaction between provinces (ibid). The 
second prong to this study was a subsequent comparative analysis with other assemblages from both 
the Bismarck Archipelago and sites further removed, as a means of placing localised pottery production 
within the Bismarcks into a larger Western Pacific framework (ibid: 4). Gosden et al. (1989: 571) had 
cautioned that while analyses from the “Lapita Homeland Project” of 1985 demonstrated a regional 
sequence with Lapita dentate stamped pottery starting around 3500 BP, and transitioning to applied, 
impressed and incised wares somewhere around 2100 BP, all sites excavated had only 5% or less of 
the total site area excavated and as such the potential for the placement of these patterns within the 
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wider Lapita schema to change was high as more excavations were conducted. The final aspect of 
Summerhayes' project was a physicochemical analysis of the pottery assemblages. The aimed to assess 
the number of production centres in West New Britain and whether pottery was subsequently being 
traded (Summerhayes 200a: 4). 
 To address the first major goal of this project, the nature of the assemblage, Summerhayes 
argues that dentate vessels represent a specialised component of the assemblages, whereby if this 
component is removed from the Arawe assemblages, differences between sites are significantly 
reduced (ibid: 231). Furthermore, with regards to vessel form, non-dentate vessels do not change over 
time, while the dentate component of the assemblages does not remain static. Summerhayes’ analysis 
indicated that the Arawe assemblages show a decrease in dentate stamping and an increase in linear 
incision over time, corroborating the trends shown with other Lapita assemblages (ibid: 151). Secondly, 
and of importance to the current study with regards to chemical characterisation, it was shown that 
pottery production patterns were complex and changed temporally (ibid: 234). In the Arawe 
assemblages, while clays were likely locally procured, many of the temper materials were not, likely 
transported from sources in the major river systems of New Britain's south coast (ibid: 234). 
Furthermore, production at the Apalo (FOJ) site sees a reduction in the number of sources used, with 
earlier sites utilising materials from a number of south coast river systems, while the later stratigraphic 
unit only exhibits the use of one temper, while the majority of pottery at Garua Island (FSZ) and Boduna 
Island (FEA) were made from a single clay source. Summerhayes (ibid: 234) argues that the restriction 
in the number of production centres over time is indicative of a reduction in the mobility of the ceramic 
producers, possibly also indicating change to a more sedentary settlement pattern. This pattern is also 
evident in the Mussau assemblages, which Kirch (1990: 123) interprets as a reduction in the complexity 
of ceramic exchange networks. However, while arguing that Early Lapita populations were highly 
mobile, Summerhayes (2000a: 229) notes that production was mostly local in terms of “procurement 
zone”. 
 Thomson and White's (2000) research on the ceramic assemblage from the Duke of York 
Islands was founded on the authors' belief that our understanding of how much Lapita pottery was 
transferred is important, as it attests to the nature of Lapita communities and their relationships with 
both each other and the wider community of the Bismarck Archipelago. Thomson and White sought 
to answer two contrasting arguments relating to the movement of Lapita pottery. The first of these 
was Kirch's (1997: 235) conclusion that "it is clear that considerable amounts of pottery did move 
between Lapita communities - especially those in the Far West and Western provinces". In contrast, 
Dickinson (1998a: 263) concluded that "most Oceanian sherd suites contain exclusively indigenous 
tempers derived from local island bedrock, but widely distributed occurrences of geologically exotic 
tempers document limited pottery transfer over varying distances at multiple sites". Their review of 
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the four major relevant studies previously conducted in the Bismarck Archipelago concluded that all 
(including Hunt (1989), whose research played an important role in Kirch's (1997: 235) argument) 
supported Dickinson's conclusions more so than Kirch’s. 
 Thomson and White (2000: 312) selected 42 sherds from three sites for their study: SEE on 
Kabakon Island, SDP on Duke of York Island, and SEP on Makada (the first two sites date to ca. 3000BP, 
while SEP dated to 2730±80BP). Samples were subjected to petrographic analysis by use of a polarising 
microscope, conducted by Thomson (1998) as a BA (Hons) thesis under the supervision of White. 
Analysis was conducted using an area frequency count of mineral grains, as this allowed for 
comparison with Dickinson's studies. Multivariate statistical analysis divided the sherds into three 
temper groups, which were then compared to the known local geology. From this the authors 
concluded likely 'resource procurement zones' (Bishop et al. 1982: 276). To further this study, the 
authors had Dickinson independently analyse 13 thin sections (Dickinson 1998b). While Dickinson's 
conclusions varied slightly from Thomson's (his analysis produced five temper groups), the groupings 
were very similar to Thomson's (Thomson and White 2000: 317). The authors conclude that these 
differences are largely due to the different methodologies employed by the two independent analyses. 
 With regards to resource procurement zones, both Thomson and White, and Dickinson came 
to the same conclusions. Both concluded that some of the pottery was most likely made in the Duke 
of York Islands themselves (around 25%), while the remaining pottery was made elsewhere, but nearby 
(Thomson and White 2000: 317-319). This pattern also has similarities with patterns found elsewhere 
outside of the Lapita realm. A study by Arnold (1985) demonstrated that, in 33% of cases, the distance 
travelled to obtain potting clay was less than 1 km, while 84% of societies were exploiting sources 
within 7 km. In a similar fashion it was found 52% of those studied were obtaining temper from within 
1 km, and 92% travelled less than 9 km for temper procurement (ibid). Relating these results back to 
the original motivations for this study, the authors demonstrate through two independent analyses 
that there is no evidence for extensive movement of Lapita pottery, and that even when pottery 
transfer occurred between Lapita sites it was on a very small scale. 
 The final and most recent work to be reviewed was conducted by Hennessey (2007) for his BA 
(Hons) degree. Hennessey carried out a mobility study of the ceramic assemblage from the Early Lapita 
site at Kamgot (ERA) in the Anir island group, using physicochemical characterisation analysis. The 
primary focus of this study was to identify the level of mobility maintained by the settlement by 
identifying the production strategy utilised to produce the assemblage (Hennessey 2007: 7). This 
project aimed to build on work conducted by Summerhayes (2000a), as well as to investigate whether 
the high mobility patterns identified by Summerhayes for Early Lapita groups in West New Britain are 
a typical Early Lapita settlement strategy or simply a local mobility pattern (Hennessey 2007: 26). The 
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three main aims of Hennessey's project were as follows: Firstly, to identify the number of 
geographically isolated clay and temper sources utilised by potters in the creation of the Kamgot 
ceramic assemblage. Secondly, to identify whether the assemblage is the result of the importation of 
pots from other Lapita groups or produced through the Kamgot community accessing ceramic 
resources themselves. Thirdly, Hennessey aimed to investigate questions concerning the rank of clay 
and temper sources as well as the relationship of resources to vessel forms (Hennessey 2007: 7). The 
methodology employed by Hennessey was based on that used by Summerhayes (2000a) and is very 
similar to the methodology of the current thesis, using electron microprobe and CPCRU analysis for 
identification of clay and temper groups. Hennessey found that the Kamgot populations were enlisting 
a complex ceramic production strategy, accessing at least 10 geographically isolated clay sources, while 
mixing these with a variety of different tempers (Hennessey 2007: 63-68, 87). Hennessey argued that 
potters from Kamgot were sourcing most of their tempers from within the Anir group, with evidence 
suggesting a very limited amount of tempers used came from the nearby Tanga island group (ibid: 77-
78). Using this data, along with identification of temper sands from across the Bismarcks (Dickinson 
1998c, 2006), comparison of vessel form distribution across ceramic resources led Hennessey to argue 
that the Kamgot population was accessing resources directly as opposed to via exchange, concluding 
that the Kamgot community constituted a highly mobile group of settlers (Hennessey 2007: 87). As 
such, Hennessey argued that these results, when viewed along with Summerhayes (2000a) analysis of 
West New Britain Lapita groups, demonstrated that a high degree of mobility is typical of Early Lapita 
settlement strategy (Hennessey 2007: 87). It is noted however, that only decorated sherds were 
collected during excavation, and as such the production strategies identified are not necessarily 
indicative of the assemblage as a whole, as the production strategy of utilitarian wares may have 
differed (ibid: 88). 
2.4. The role of CPCRUs in the study of mobility 
 
 Work by Summerhayes (2000a, 2000b, 2003, 2007b) on patterns of mobility and settlement in 
Lapita settlements in the Bismarck Archipelago led to the hypothesis that there exists a shifting pattern 
of pottery production over time, namely that there is a marked reduction in the number of production 
centres between the Early and Late Lapita periods. This hypothesis was synthesised based on 
physicochemical characterisation analysis conducted by Summerhayes (2000a) which identified that 
over time there occurred a reduction in both the number of clay sources and the range of temper 
minerals being utilised by potters. Using the electron microprobe, analysis of temper minerals is 
straightforward as individual minerals can be targeted for analysis. However, to be able to assess the 
number of clay sources being utilised, chemical data first needs to be sorted into meaningful units. 
Summerhayes (2000a: 39) employed the concept of Chemical Paste Compositional Reference Units 
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(CPCRU), which manipulates data to group sherds based upon the chemical similarities (see Chapter 4 
for a more in depth overview of the concept). Using this concept, Summerhayes argues that each 
CPCRU unit represents a clay source, and thus that the number of sources being utilised can be viewed 
as a measure of the potters mobility (ibid). 
 Subsequently, Summerhayes (Summerhayes 2003: 140; Summerhayes and Allen 2007: 108) 
developed two models of ceramic production to account for mobility differences in Early and Late 
Lapita periods. The model for the Early Lapita period settlement pattern contends that the higher 
mobility associated with the initial colonisation period should be represented by a highly variable 
ceramic assemblage, with both a large number of tempers and clays being used (Summerhayes and 
Allen 2007: 109). Chemically this would be represented by both a large number of CPCRUs as well as a 
large diversity of temper minerals (Figure 4). 
 
 
Figure 4. Early Lapita production pattern, as demonstrated by the Arawe assemblages (from Hogg 2007: 28; modified 
from Summerhayes and Allen 2007: 107). 
 Alternatively, the model for Late Lapita production, when communities were deemed to be 
more sedentary, ceramic assemblages should be more conservative and standardised, with only one 
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temper associated with each clay source (ibid). As such we would expect to see drastically fewer 
CPCRUs in an assemblage (Figure 5). 
 
Figure 5. Late Lapita production pattern, based on chemical data from the Arawe Islands (from Hogg 2007: 29; modified 
from Summerhayes and Allen 2007: 108). 
The following chapter will provide a detailed background into the focus site for this research, 
Tamuarawai (EQS), Emirau Island. It provides an overview of the archaeology of the site, chronology, 
and interpretations concerning the nature of settlement at the site, including a discussion on Hogg’s 




3. Tamuarawai (EQS) 
 
 The ceramic materials examined for this research were excavated from the Early Lapita site of 
Tamuarawai (PNG National Museum site code EQS), on the island of Emirau (Figure 6). Fieldwork was 
conducted over three seasons from 2007-2009. Excavations were conducted by a team from the 
University of Otago, led by Glenn Summerhayes and Lisa Matisoo-Smith. 
3.1. Emirau 
 
 Tamuarawai is located on the raised limestone island of Emirau (sometimes referred to as 
Emira and named Squally Island when discovered in February 1700 by English navigator William 
Dampier (Dixon 1981: 1)) (Summerhayes et al. 2010b: 62). Emirau is a small island roughly 13 
kilometres long and up to seven kilometres wide, comprising an area of 36 square kilometres and 
reaching 55 metres in elevation (Dixon 1981: 1; Summerhayes et al. 2010b: 62). Emirau, along with the 
Mussau Islands, which lie 25 kilometres north-west, and Tench Island, some 64 kilometres to the east, 
comprise the St. Matthias Island group (Dixon 1981: 1). These islands are located at the northern point 
of the Bismarck Archipelago and form part of the New Ireland Province of Papua New Guinea. 
 




3.2. Tamuarawai (EQS) 
 
 Tamuarawai is located on the narrowest point on the island, 250 metres south of Hamburg 
Bay (Summerhayes et al. 2010b: 62-63). Today the site is occupied by garden land, although evidence 
suggests that at time of occupation, the mid-Holocene raised sea level would have formed a lagoon, 
dividing the island in two (ibid: 62). EQS would have been located on the edge of this dividing channel 
(ibid). The road to the north of EQS has been built atop a raised reef, which at one time would have 
been an outer reef, while the area to the south would have been within the lagoon. The site is bounded 
by the sea approximately 280m to the north, by a swamp approximately 300m to the south, a cliff-line 
approximately 180m to the east, and a road approximately 200m to the west (ibid: 64). The site was 
originally discovered in 2006 when local teacher Kenneth Vito Thomas and students from Rongol Top 
Up primary school found sherds, later confirmed by Summerhayes to be Lapita (ibid: 62). 
3.3. Tamuarawai: Excavations and Archaeology 
 
 Four test pits (TP), along with several shovel pits (SP) were excavated during field seasons in 
2007, 2008 and 2009. TP1 and TP2 (both 1 x 1 m) were excavated in 2007 to identify the presence and 
age of Lapita pottery (Figure 7). TP3 (2 x 2m) and TP4 (1 x 1 m) were excavated the following year in 
order to give a clearer picture of the site stratigraphy, and also to resolve issues regarding the nature 
of the settlement, specifically, to ascertain whether the earliest artefact deposition had in fact 
occurred either over the lagoon or at the water's edge, as indicated by evidence from TP1, as well as 
to test the absence of pig, dog and Rattus exulans remains from the 2007 excavations (Summerhayes 
et al. 2010b: 64). 
 Site stratigraphy is relatively homogenous across the site, with all test pits exhibiting four 
layers (Figure 8). Layer 1 is a black-brown garden loam varying in thickness from 10 cm (TP4) to more 
than 30 cm (TP1). This layer contains worn pottery sherds, obsidian, fish bone and shell. Layer 2 is a 
brown to yellow sand varying in thickness from 8-12 cm (TP4) to between 10-30 cm (TP1). Cultural 
materials were found in this layer. Artefact sizes and the degree of fragmentation provided clear 
separation between layers 1 and 2. While a clear distinction could be seen between layers 1 and 2, 
there is a transition between layers 2 and 3. Layer 3 is an unconsolidated yellow/grey to white beach 
sand varying in thickness from 25-40 cm (TP3 and TP4) to 15-20 cm (TP1). Cultural materials are found 
in this layer, but not in great density. Layer 4 is comprised of coarse, gritty sand with coral and large 
shell fragment inclusions. This layer sits on the coral reef and is 40-50 cm in thickness (ibid). Pottery, 
obsidian, fish bone, fishhooks, fishhook blanks, shell beads and other cultural material were excavated 




Figure 7. Site map of Tamuarawai showing the site boundaries (in grey) as well as distribution of test pits (TP) and shovel 
pits (SP) (from Summerhayes et al. 2010b: 64; Figure 3). 
 
Figure 8. Stratigraphic profiles for Test Pits 1, 3 and 4 (from Summerhayes et al. 2010b: 66; Figure 8). 
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3.4. Material Culture 
 
 A wide array of material culture, including Lapita pottery, obsidian, fishhooks, fishhook blanks 
and shell beads were discovered during excavations (Summerhayes et al. 2010b: 65). Over 2000 sherds 
of pottery were recovered. The majority of these were plain, although a significant number of 
decorated sherds were also found, particularly in the Layer 4 deposits (ibid: 67). Analysis of 159 pieces 
of obsidian from the site indicates that pieces were being imported in flake form, with no specialised 
production, although little evidence of retouching is typical of Melanesian obsidian assemblages. 
Patterns of use appear to change little over time (ibid: 67-68). Proton Induced X-ray and Proton 
Induced Gamma-ray emission (PIXE-PIGME) sourcing analysis determined that 75% of the obsidian was 
imported from the Admiralties, particularly the Umrei source on Lou Island, while a single piece was 
sourced to Wekwok, another Lou Island source. The remainder was sourced to Kutau in west New 
Britain (ibid: 69). Interestingly, there was a complete absence of Pam Lin obsidian, a source near to 
Lou Island which proved to be the source of a quarter of the obsidian found at Kamgot (ERA), Anir. 
(ibid: 70). The importing of Admiralties obsidian in flaked form, and an almost complete absence of 
cores is consistent with evidence found at other Lapita sites such as Kamgot where Admiralties 
obsidian was heavily reduced (Summerhayes 2003: 142; Summerhayes et al. 2010b: 69-70).  
 Shell artefacts included shell beads, a Conus shell armband and disk (Figure 9). Fishhook blanks 
and fishhooks were also excavated. Volcanic stones (clearly exotic to Emirau) exhibiting evidence of 
burning were found in layer 4. Part of a very worn human molar was excavated from TP3, layer 4. Other 
finds included net sinkers, octopus lures, a hammerstone and a stone slingshot (Summerhayes et al. 




Figure 9. Shell artefacts from EQS (from Summerhayes et al. 2010b: 71; Figure 10.). 
 One particularly interesting find was a jadeite wood-carving gouge, clearly exotic to Emirau 
(Harlow et al. 2012; Summerhayes et al. 2010b: 72) (Figure 10). Analysis via several geochemical 
characterisation methods revealed it to be of a unique composition compared to known sources, and 
thus an exciting find. Research located a potential jadeite source on the Torare River, along the north 
coast of the Papua province, Indonesia, although several sources are known outside of the New Guinea 




Figure 10. Jadeite gouge from EQS (from Harlow et al. 2012: 392; Figure 2). 
 Faunal remains, of which almost 2000 bones were recovered, were comprised almost entirely 
(93%) of fish bone, while bird, mammal and turtle were also recovered, with less than 1% unidentified 
(Summerhayes et al. 2010b: 70). Evidence shows that fishing was most likely conducted from vessels 
nearby the reef or by standing on the reef. This inshore fishing strategy is characteristic for the Indo-
Pacific Islands, while there is limited evidence for possible offshore fishing as well (ibid: 70; Walter 
1998: 69-70). The marine component of the Tamuarawai assemblage, along with the fishhooks 
recovered at the site, is consistent with other Early Lapita sites at Kamgot (ERA) and on Mussau, 
although the almost complete lack of mammal remains at Tamuarawai is strikingly different, 
particularly the absence of Rattus exulans which is generally widespread across Lapita sites (ibid: 70-
72). The only mentions regarding shellfish remains were in relationship to shell artefacts found at the 
site (see above) (ibid). 
3.5. Chronology 
 
 Two radiocarbon dates were obtained from the EQS site (Summerhayes et al. 2010b: 65-66), 
both of which fall within the date range proposed for the Early Lapita Period (Table 2). 
1) WK-21349, obtained from TP1, Layer 4 gave an age range of 3360- 3160 cal. BP at two standard 
deviations (95.4% probability). 
2) WK-21345, obtained from TP2, Layer 4 gave an age range of 3210- 2960 cal. BP at two standard 




Table 2. Radiocarbon estimates from EQS (from Summerhayes et al. 2010b: 66; Table 1). 
Lab. 
Reference 
Sample δ14C δ13C D14C % 
Modern 
Uncalibrated Calibrated Age 2σ 


























 While both from corresponding layers, the sample from TP2 indicates that the deposit in layer 
4 of this pit may be younger than that from layer 4 in TP1. It is possible that occupation at TP2 may 
have occurred during the formation of layer 2 as an active beach dune (Summerhayes et al. 2010b: 
65). 
3.6. Interpretation of occupation at Tamuarawai 
 
 Initial occupation of the site occurred between approximately 3360-3160 cal. BP. Artefact 
density and distribution across layers in TP1 and TP3 indicates that the site was occupied in two phases, 
although this is not as clear in TP2 and TP4 (Summerhayes et al. 2010b: 65, 72). At the time of initial 
occupation Emirau was two islands separated by a lagoon. This first settlement likely consisted of an 
unknown number of stilted houses constructed in the lagoon separating the two islands (ibid: 63), as 
indicated by the nature of artefact deposition and taphonomic evidence (although actual evidence of 
house construction is ambiguous, with small circular patches of discolouration in the matrix of TP3 
possibly representing post holes). This occupation is represented by layer 4 in TP1 and TP3 in the south-
eastern extent of the site (ibid: 63, 65, 72). 
 Occupation during the second phase at the site occurred at approximately 3210-2960 cal. BP, 
and is represented by layers 3 and 4 in TP2 and TP4, located in the north-eastern and north-western 
end of the site. This occupation appears to have been a dry beach or sandbank settlement (ibid: 65, 
72). 
 The size of the site, along with the composition of the faunal assemblage suggests that 
Tamuarawai was possibly a specialised fishing camp, although the presence of houses and other 
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cultural remains suggests a more village-like settlement (ibid: 72). Most Lapita settlements on small 
offshore islands were seasonal settlements, dictated by prevailing seasonal wind patterns. In the case 
of Tamuarawai, the site would have been sheltered from south-east trade winds. This is consistent 
with the argument that Early Lapita populations were a mobile people, and is supplemented further 
by the absence of evidence of an agricultural base at Tamuarawai, a feature that is found in other early 
Lapita settlements such as those on Mussau (ibid: 72). 
3.7. Previous EQS pottery investigations 
 
 Hogg (2012) conducted a skill analysis of pottery production at Tamuarawai to ascertain 
whether specialised production strategies were being employed by potters, and if so, what these were. 
To achieve this Hogg carried out analyses on vessel form, decoration, temper and a detailed skill 
analysis of production methods (ibid: 60-88). Hogg (2012: 5) defines specialised production as "the 
regularised production of a specific good or service above what is required for personal use, by a group 
of people that is restricted in size". He states however, that once these basic requirements have been 
met, further variation is the result of unique "types" of specialised production (ibid). Pottery 
construction requires potters to choose between many factors concerning methods, vessel form, and 
decorative technique, among others, each requiring a certain investment to produce the resulting 
vessels (ibid: 65). How these choices and skill are applied varies according to societal organisation, as 
well as factors such as environmental limitations present within different societies, and as a result, 
analysis of the "technological signatures" on the pottery and level of skill investment can provide 
insight into the way in which ceramic manufacture was occurring in a particular society and therefore 
about the organisation of the society in question (Budden 2008: 2-3; Hogg 2012: 5). A number of 
arguments have been generated regarding whether Lapita pottery was produced in a specialised 
manner, but no attempt had previously been made to examine the whole issue in order to identify 
whether any of these interpretations were correct (Hogg 2012: 2). As such, the following provides a 
basic overview of the primary arguments for specialisation of ceramic production to place Hogg's 
(2012) work in context, along with an overview of his work and findings. 
  There are two main contending theories for the "types" of specialised production through 
which ceramic manufacture occurs. The first type of specialised production, argued for by Hunt (1988, 
1989) and Kirch (1988a, 1990, 1997) contends that various Early Lapita settlements were responsible 
for, and specialised in the manufacture of differing forms of material culture, which were exchanged 
between settlements for other items not produced at that particular settlement. Consequently, they 
argue that Early Lapita pottery was produced by groups of specialised sedentary potters for 
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distribution as one "node" within a regional exchange network (Kirch 1997: 239-241). Hogg (2012: 28) 
refers to this argument as "Specialised Regional Production".  
 Summerhayes (2000a, 2000b, 2000c, 2001a, 2003, 2010) alternatively argues that Early Lapita 
pottery was produced by mobile specialists, groups of potters who moved around extracting a range 
of materials from a variety of sources. These materials would then be brought back to the potters’ 
settlement for use within that community (Summerhayes 2000a: 227). Summerhayes (ibid: 225-228) 
describes how various potting strategies should be evident in the archaeological record. If production 
had been conducted at a local level, we would expect to find one clay source and one temper source 
being used within the ceramic assemblage at each individual site. Specialised production, whereby one 
site is involved in ceramic production, after which vessels are exchanged with other settlements should 
result in the presence of vessels made of one clay and one temper source across a range of sites. 
Progressing from this, if a number of sites are involved in specialised production and vessels are 
subsequently being exchanged with various sites, then at each site we could expect to find a number 
of different clay sources being exploited, with vessels constructed of each clay type being associated 
with a single temper type. Instead, Summerhayes (2000a) found that assemblages highly variable, 
featuring multiple resource combinations, noting that "identical pottery was produced from a number 
of clay sources each one mixing sands from a number of different rivers or beaches" (ibid: 225-228), 
and as a result, argues that this is indicative of the producers themselves moving around resource 
sources. Hogg (2012: 28) refers to this argument as "Mobile Specialised Production". 
 In contrast, Clark (2007) challenges these theories, positing that specialised production does 
not occur in the Early Lapita period. This argument utilises the "standardisation hypothesis", which 
argues that a high degree of similarity between vessels, both in relation to design and fabric, reflects 
specialised production, while "heterogeneity indicates dispersed household production" (Clark 2007: 
289). As such, we would expect to see "limited variation in the raw materials used to construct pots." 
(ibid: 290). Hence, as Summerhayes (2000c) and Chiu (2003a) both demonstrate the use of a variety 
of materials for pottery production, Clark (2007: 290) claims that "specialised pottery production is not 
demonstrated". 
 Hogg (2012: 125-127) however, criticises several aspects of Clark's (2007) conclusions on the 
basis that Clark "did not consider the possibility of differing "types" of specialised production, with 
specific characteristics that are determined by the needs of the society within which the production is 
occurring". Hogg (2012: 125-126) states that while Clark defined "specialised regional production", he 
neglects to take into account the other "type" of specialised production, that is "mobile specialised 
production", and consequently fails to account for the argument that specialised production strategies 
are tailored to the specific social, economic, political and environmental needs of the society producing 
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the wares. Regarding environmental factors, Hogg (2012: 126) notes that the three Early Lapita sites 
which provided the data upon which the "specialised regional production" pattern is based were all 
situated on raised limestone islands. These island types have an abundance of naturally occurring 
calcareous tempers but are devoid of both terrigenous temper materials and clays (Kirch and Catterall 
2001: 33; Hunt 1989). As such, Hogg (2012: 126) contends that this "type" of production is suited to 
"depauperate island environments with minimal local resources". Comparatively, Summerhayes' 
(2000c) and Chiu's (2003a) assemblages, which formed the basis for Clark's (2007) dismissal of 
specialised production, from West New Britain and Koné Peninsula in New Caledonia respectively, are 
both from resource rich areas and consequently are more suited to a different paradigm for specialised 
production (Hogg 2012: 126-127). As such, Hogg (ibid: 127) highlights the need to consider the various 
"types" of specialised production that can arise in different situations. 
 The methodology employed by Hogg for the primary analysis was largely influenced by the 
work of Summerhayes (2000a). Formal analysis was conducted according to the vessel form 
classification used by Summerhayes (ibid: 33-36). Decorative analysis was conducted to provide a basis 
on which to assess the level of skill invested into decoration, and furthermore to assess whether 
differences between the level of skill invested into various decorative techniques. This analysis 
followed methods used by Irwin (1985: 102-117) and Summerhayes (2000a: 36-37). Following 
Dickinson (2006: 3), a basic temper analysis was conducted to identify whether vessels were produced 
locally on Emirau, or whether either the completed vessels or their raw materials were imported from 
sources exotic to the island. However, the primary component of Hogg's study was the skill analysis. 
This provided a means of identifying whether specialised pottery production occurred at Tamuarawai, 
and if indeed it was, which "type" of specialised production strategy was being employed. For this Hogg 
followed Budden's (2007: 76- 111; 2008: 2-4) methodology to identify a variety of technological 
signatures present as a result of production. Signatures were selected that best represented key stages 
of the production process, and included paste preparation, vessel wall uniformity, vessel wall 
thickness, rim deviation on the horizontal plane, rim symmetry, decoration, and firing (Hogg 2012: 66). 
Signatures were then graded as "good", "moderate" or "poor" according to Budden's (2007: 80) 
"benchmarking system" to provide a consistent means of assessing the degree of skill investment. 
 Hogg argues that the ceramic assemblage from Tamuarawai was produced using a specialised 
production type similar to the "Specialised Regional Production" strategy, although he does not 
discount the possibility that potting materials may have been imported to the site for local production. 
He contends that this form of specialised ceramic production indicates societal organisation may have 
been quite complex (Hogg 2012: 130-131). He concludes that the production strategy employed in the 
manufacture of the Tamuarawai assemblage also likely catered to environmental constraints placed 
on the society producing the pottery, in the case of the Tamuarawai assemblage, due to a lack of 
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suitable resources being available on Emirau (ibid). Finally, Hogg addresses the argument pertaining to 
the "non-local" nature of the assemblage, stating that a physicochemical analysis would be necessary 
to verify this (ibid: 132), a problem which the current project seeks to address. 
The following chapter will outline the methodology used for this research. It includes detailed 







 This chapter provides an in-depth discussion of the methods used for this research. The first 
section discusses the sampling strategy used in this study, including how previous classifications of 
fabric groups and vessel form by Hogg (2012) were incorporated to ensure that a representative 
sample was selected. The second section provides an overview of physicochemical analysis, and details 
why this type of analysis was applied to the study of patterns of mobility and interaction in the Early 
Lapita period. Included in this section is a discussion of the electron microprobe, and why it was 
selected for use over other tools available for physicochemical analysis. Methods of use are detailed, 
including the steps taken for the preparation of samples for microprobe analysis, operating conditions 
of the microprobe, and the methods used when conducting the analyses on the machine. Section three 
discusses the use of multivariate statistics in organising data and defining geochemical groupings for 
ceramic assemblages, as well as why these statistical analyses are essential for the study of Early Lapita 
settlement patterns. The analyses and concepts discussed within this section are Chemical Paste 
Compositional Reference Units (CPCRU), Principle Component Analysis (PCA), and Hierarchical Cluster 
Analysis. 
4.1. Ceramic sherd sampling strategy 
 
The sampling strategy employed for this study is based on the theory of "Stratified Random 
Sampling" (Peregrine 2001: 39). This strategy divides the target population into several categories of 
interest, from which random samples are selected from each. This strategy allows for the selection of 
a sample representative of the whole assemblage, accounting for any variation within the assemblage, 
while eliminating any bias from the selection process. Summerhayes’ (2000a) sampling methods were 
used as a model for this research as an accurate way to obtain a representative sample from the 
assemblage.  
Vessel Form and Fabric Group were two categories essential for the selection of a sample that 
was both representative of the assemblage, but also appropriate for answering questions about 
prehistoric mobility and interaction. As part of research on Early Lapita pottery specialisation, Hogg 
(2012) had previously conducted analysis on both the vessel forms and fabric groups for the 
Tamuarawai (EQS) assemblage. To assign ceramic sherds to vessel form, Hogg (ibid: 59-63) employed 
a methodology defined by Summerhayes (2000a), and successfully utilised in other studies of mobility 
(Hennessey 2007; Hogg 2007). Using this methodology Hogg (2012: 60-63) identified the presence of 
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six distinct vessel forms within the Tamuarawai assemblage. The classification system employed by 
Hogg is shown in Table 3 and Figure 11.  
Table 3. Vessel forms and identifying variables (modified from Hogg 2012: 61; Table 4.2; modified from Summerhayes 
2000a: 33). 
Vessel form  Variables for the identification of vessel form 
I. Open bowl/cup - outward rim/wall 
orientation 
Direct rim with an outward rim stance 
II. Open pot/bowl - vertical rim/wall 
orientation 
Direct rim with a vertical rim stance 
III. Possible open bowl with horizontal rim Direct rim with a horizontal extra-rim feature 
IV. Jar with horizontal rim and restricted neck Outcurving rim with a horizontal extra-rim feature 
V. Jar with outcurving rim and restricted neck 
with carination and rounded base 
Outcurving rim 
VI. Pot with everted rim and rounded globular 
body 
Everted rim 
VII. Inward restricted upper vessel form- 
making up both flasks and narrow restricted 
necked vessels, or incurving bowls 
Incurving rim or an inverted rim 
VIII. Vessel stands Surface which comes into contact with a horizontal 
plane is flat, even and undecorated, roughly 
triangular cross-section, often associated with "cut-






Figure 11. Vessel forms I, II, IV, V, VI, VII, and VIII (from Hogg 2012: 62-63; Figure 4.2-4.4; modified from Summerhayes 
2000a: 34; Figure 4.1-4.3). 
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Hogg undertook a basic fabric analysis using a Nikon SMZ-1B binocular microscope at 10x magnification 
(ibid: 64). He classified sherds into one of three basic fabric groups (Figure 12 and Table 4), based on 
the work of Dickinson (2006:3). These groups were Calcareous (C), Terrigenous (T), and Hybrid (C+T). 
The data generated by Hogg (2012) for both vessel form and fabric group was utilised in the sampling 






Figure 12. Proportions of the 104 vessels assigned to each of the three basic fabric groups by Hogg (2012:96). 
Table. 4 Number of vessels per fabric group, as assigned by Hogg (2012:97). 
Fabric Group I IV V VI VII VIII Total 
C 1 1 1 2 1 1 7 
T 8 
 






Total 26 1 10 51 3 13 104 
 
Based on the scope of the project, and limited access to the electron microprobe for 
geochemical characterisation, the decision was made to select a sample group consisting of 40 
samples. The decision was made to focus sampling on sherds excavated from Test Pit #3. From this 
area, a list of samples for each vessel form was tabulated and then cross-examined with the three 
fabric groups. Based on the proportions of each vessel form/fabric group combination within the whole 
group, the number of samples from each combination to be selected was calculated. The samples for 
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each vessel form/fabric group combination were then selected at random. As only four of the six vessel 
forms identified by Hogg (2012) were present in the Test Pit #3 sherds, four samples were included 
from other excavation areas to make sure that all six vessel forms were represented. Table 5 shows 
the distribution of selected samples across fabric groups and vessel forms. 
Table 5. Distribution of selected samples across fabric type and vessel form. 
Vessel 
form 
Calcareous (C) Terrigenous (T) Hybrid (C & 
T) 
Total 
I 1 3 5 9 
IV 1 0 0 1 
V 0 2 4 6 
VI 2 7 4 13 
VII 1 2 0 3 
VIII 1 2 5 8 
Total 6 16 18 40 
 
4.2. Microprobe Analysis 
 
4.2.1. The Need for Physicochemical Analysis 
 
 Since the discovery of dentate-stamped pottery across the Pacific, pottery has been the 
predominant choice for establishing prehistoric migrations in the Pacific. Traditionally, decorative 
attributes of pots have been used to infer cultural connections, a phenomenon described by 
Summerhayes (2001a: 54) as "dentate-centric". Yet, as Rye and Allen (1980: 305) argue, typologies 
derived from decorative and morphological data are not sufficient for reconstructing regional 
prehistories with high resolution. A prime example of this is demonstrated in Anson's (1983; 1986) 
analysis of Lapita ceramics from Ambitle, Eloaue, and Talasea. Based on a detailed analysis of 
decorative motifs, Anson was able to demonstrate regional variations in decorative patterns, resulting 
in a spatial reclassification for the distribution of Lapita pottery. However, the notions of mobility able 
to be inferred from this type of data remain broad, and elicit questions concerning how these pots 
were made and what the nature of interaction was that existed between communities. Were Lapita 
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communities simply nodes of a large specialised exchange network, with completed pots exchanged 
between sites, as postulated by Kirch (1997: 242)? Was production centred at a more localised level? 
The physical components that have gone into producing these ceramic assemblages have more 
intrinsic ties to the nature of production than the decorations which adorn the pots. This is where the 
realm of physicochemical analysis presents as an important tool, with these techniques able to provide 
definition on the construction of ceramics by examining the clays and tempers utilised in ceramic 
production. By "yielding a clear discrimination between foreign and local clay sources" (Summerhayes 
2000a: 30) we can begin to understand whether similarities in design are due to exchange of pots or 
other processes. Yet, considering the potential contributions physicochemical studies can make, and 
as Summerhayes (ibid) succinctly notes "its potential is enormous", limited studies have been 
conducted in this field. The largest contributions in this facet of Lapita studies have been Hunt's (1989) 
work on Lapita sites in the Mussau group, particularly the Talepakemalai (ECA) site, as well as 
Summerhayes (2000a) comprehensive work on ceramic assemblages from sites in West New Britain. 
These studies, along with several others were discussed in detail in Chapter 2. 
4.2.2. Electron Microprobe 
 
 Chemical characterisation of archaeological ceramics is becoming an increasingly popular tool 
for “assessing production, exchange and consumption patterns” (Summerhayes 1997: 108) and these 
days almost all archaeological research projects utilise some form of archaeometric technique (Leclerc 
2016: 42). These studies are not a straightforward process, with one of the major issues arising from 
the impact that manually added mineral inclusions has on elemental concentrations (ibid). Anson 
(1983: 91) notes that the electron microprobe allows for great sensitivity, allowing the user to 
distinguish and characterise the clay matrices alone, as well as individual inclusions and slips, while 
other characterisation methods such as X-ray Fluorescence Spectrometry (XRF), and Proton-Induced 
X-ray Emission and Proton-Induced Gamma Ray Emission (PIXE-PIGME) do not afford this resolution 
(Anson 1983: 91; Summerhayes 1997: 108). Manually added non-plastic inclusions in the ceramic can 
affect the chemical profile of the ceramic matrix if not accounted for, creating “chemical noise”, 
potentially leading to “erroneous models of production and exchange” (Summerhayes 1997: 108.). 
Electron microprobe analysis can overcome this issue with the use of a polished section of sample, as 
opposed to a crushed sample. 
Like electron microprobe analysis, Instrumental Neutron Activation Analysis (INAA) also does 
not require the use of a crushed sample. However, it does require a sample to be taken from the centre 
of a sherd, so is a more destructive analytical technique than electron microprobe analysis. INAA also 
struggles to identify some minerals, leaving the researcher with lower resolution results (Harbottle 
1982: 23). Advantages of Inductively Coupled Plasma Mass-Spectrometry (ICP-MS) are that it excels 
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with low-level detection. As such, it is a preferred method of analysis for trace elements, particularly 
rare earth elements (Neff 2003: 23). The decommissioning of many nuclear reactors around the world 
over the last ten to twenty years has also led to INAA becoming a lesser used analytical technique for 
ceramic compositional studies (Leclerc 2016: 79).  
The other major technique used in pottery compositional studies in the Pacific have been 
petrographic studies (Dickinson 1998a; 2000; 2006). Petrography is a geological technique used to 
classify rocks and minerals (Quinn 2013: 4) and can be very complementary to compositional studies. 
While petrographic analysis can be useful for examining mineral content, it is unable to provide the 
resolution required to be informative about the ceramic matrices. Quinn (2013: 4, 71) acknowledges 
however, that high resolution petrographic analysis requires a high degree of training and skill. Another 
disadvantage of petrographic analysis is its inability to provide information about calcareous 
inclusions, which form the dominant temper type in Lapita pottery. 
The main advantage of using electron microprobe analysis for compositional research of 
archaeological ceramics are ease of use, rapid analytical time, the ability to independently analyse both 
the ceramic matrix and non-plaster mineral inclusions, and minimal damage to samples. Additionally, 
and somewhat ultimately, the JEOL JXA - 8600 electron microprobe was available and readily accessible 
through the Department of Geology at the University of Otago. 
4.2.3. Preparation of samples 
 
 As a result of being removed from a waterlogged site most of the sherds in the Tamuarawai 
assemblage were extremely fragile. Consequently, the steps taken for sample preparation had to be 
adapted slightly from the preparation methods employed by other similar studies (Hennessey 2007; 
Hogg 2007). The preparation of samples consisted of eight steps. 
Firstly, sherds were dry-cut using a hand-held hacksaw blade, as wet-cutting using a circular 
saw proved overly destructive to the sherds. Sherds were cut as a cross-section to include both the 
outer fully oxidised layer and the inner incompletely oxidised layer. The second step was to impregnate 
the samples within an epoxy resin (Hillquist Thin Section Epoxy). This was completed by placing each 
sample into 2.5 cm brass rings, which had been fixed onto glass slides with wax, and filling the rings 
with the resin solution. The Hillquist Thin Section Epoxy employed for this was a two-part epoxy which 
required the mixing of a 50:50 mix of a ‘Part A’ and ‘Part B’. Thirdly, the samples were left to cure at 
room temperature for 24 hours for the epoxy resin to polymerise into briquettes. 
The fourth step involved removing the briquettes by placing the glass slides on a hot plate to 
melt the wax in order to remove the brass rings, and then using a hand press to free the briquettes 
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from the rings. Fifthly, the briquettes were ground down to expose the surface of the sample sherds. 
This involved the grounding of the samples by hand, using three varying grades of sandpaper, 
beginning with 600 grit paper, followed by a finer 800 grit paper, and lastly with an even finer 1200 
grit paper. Grounding with progressively finer grades of sandpaper was conducted to remove any 
scratches made by the coarser grades. It was at this stage of preparation that a second issue was 
encountered due to the fragility of sample sherds. Once the surface of the sample sherds was exposed, 
some of the samples began to disintegrate and crumble from the briquette. To remedy this issue, the 
sixth step in this process was to then re-impregnate the exposed surface of the sample sherd. This was 
conducted by covering the exposed surface of the sample sherd with a thin layer of epoxy resin, leaving 
to sit for approximately 10 minutes, before wiping off the excess epoxy with a tissue. This allowed 
enough epoxy to impregnate the exposed surface to prevent crumbling of the sample from the 
briquette. 
The seventh step was to polish the briquettes to remove any remaining fine scratches and 
imperfections of the sample surface. This was done using Griffen Polishing Aluminia, on a Kent 3 
Automatic Lapping and Polishing Unit, equipped with a DP-DUR satin woven Natural Silk cloth polishing 
pad. Each sample was run on the Lapping and Polishing Unit three times for five minutes, with 
progressively finer particle sized Aluminia solution and polishing pads. The first run on the Lapping and 
Polishing Unit was conducted using an Aluminia solution with 6 micron sized particles, on a 6 micron 
weave polishing pad. This was followed by five minutes with 3 micron solution and polishing pad, and 
lastly five minutes with 1 micron solution and polishing pad. A high level of polish is essential to 
obtaining reliable results, as surface irregularities can affect the manner in which X-rays strike the 
surface of the sample, impacting rates of detection and absorption (Summerhayes 2000a: 38). The 
final step was to clean the briquettes once with acetone and once with ethanol to remove any residue 
or unwanted particles from the briquette, followed by the application of a carbon coat under vacuum. 
The carbon coat is important as a conductive coating is needed to 'provide a path for the probe current 
to flow to earth' (Reed 1975: 178; Summerhayes 2000a: 38). Carbon was used for the coating due to 
its low atomic number, which meant that the coating would not absorb too many emerging X-rays 
(Reed 1975: 179; Summerhayes 2000a: 38). 
4.2.4. Operating Conditions 
 
 Analysis of samples was undertaken on a JEOL JXA - 8600 Superprobe with an Eumex Si Energy 
Dispersive Spectrometer (EDS) attachment, while data was output into the Moran Scientific Package 
software. Microprobe analysis functions through using 'electron bombardment' by way of a focussed 
electron beam to generate several different types of reactive signal. One of these signals, 
backscattered electrons (BSE) is used for imaging, while X-rays emitted from the sample are measured 
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by wavelength and intensity using the EDS attachment to identify the elements present, along with 
their concentrations (Reed 1975: 1; 2005: 1). This is based on the premise that X-ray wavelength and 
energy are characteristic and vary according to atomic number (Ionescu and Hoeck 2017: 289; 
Summerhayes 1987: 149). Atoms are comprised of several levels of electron shells which orbit a central 
nucleus. The structural configuration of inner and outer shells, as well as the number of electrons 
within those shells is known for each element (ibid). The 'electron bombardment' Reed (1975: 1) refers 
to occurs when the higher energy electrons from the electron beam are used to replace electrons from 
inner shells with higher energy outer shell electrons. As the replacement electrons have more energy 
than those they have displaced, they emit a characteristic X-ray (Ionescu and Hoeck 2017: 289). 
Samples are first placed into a designated specimen holder, and placed into the microprobe, 
which is then placed under vacuum, with internal pressures kept less than 10-5 torr (Summerhayes 
2000a: 38). The electron beam is created by heating a tungsten filament, which acts as a cathode held 
at negative voltage, in this case 15 KeV. Electrons are attracted through an aperture in the anode, an 
earthed plate, and focussed using several electromagnetic lenses to form the electron beam (Ionescu 
and Hoeck 2017: 290; Reed 2005: 21). The EDS attachment is comprised of a solid-state detector, 
usually primarily Silicon Lithium, a pulse height analyser, and a multi-channel analyser (Ionescu and 
Hoeck 2017: 291). X-rays striking the detector generate an electric charge which is amplified and 
measured (ibid). For this project, the current of the electron beam was set at 1 nA. Lower beam 
currents are necessary for high resolution imaging (ibid). 
4.2.5. Methods of Use 
 
 Analysis for this study was conducted on the electron microprobe with an energy dispersive 
spectrometer (EDS), which was used to detect and quantify twelve elements (NA2O, MgO, Al2O3, SiO2, 
P2O5, SO3, Cl, K2O, CaO, TiO2, MnO, FeO), with data being presented as % oxides. The operating 
procedure for conducting analysis on the electron microprobe consisted of four steps. The first step 
was calibration of the electron microprobe using known standards. This was conducted daily to ensure 
that the data being produced by the analyses was of a reliable nature. Secondly, after visually studying 
each sample sherd, a sample area was chosen for analysis. The selected area was then photographed 
at 40x, 80x, 160x, and 600x magnification. The third step was the analysis of the ceramic matrices. For 
this step, five analyses were conducted on different areas of the ceramic matrix (within the initially 
selected sample area). The results of these five analyses were then averaged to remove any slight 
chemical anomalies and provide a representative result for the matrix of that sample. 
The technique used for the analysis of the ceramic matrices differed slightly from that used by 
Hunt (1989), Hennessey (2007) and Hogg (2007). In their projects, Hunt, Hennessey, and Hogg 
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conducted single point analyses of the clay matrix, whereby once samples had been inspected and an 
area free of inclusions was chosen, a fixed point on the matrix was scanned. Hunt (1989: 158-159) 
characterised most samples more than once, while both Hennessey (2007) and Hogg (2007) conducted 
five analyses on the ceramic matrix of each sample. For this project, five areas were selected at 2000x 
magnification, and each area analysed in raster format as opposed to a single point analysis. This form 
of analysis works by the electron beam actively scanning the entire selected area as opposed to a single 
point. The areas were carefully selected to avoid the inclusion of obvious non-plastic inclusions. When 
analysing a single point there is potential for non-plastic inclusions to bias the data produced. In fact, 
Hunt (1989: 159) recognised that this did indeed occur during analysis of some samples, noting that 
unusually high concentrations of calcium indicated the presence of a calcareous particle not visible in 
the image of the sample. While this potential bias is reduced by analysing multiple points and 
calculating an average result, conducting the analyses in raster allows for this issue to be alleviated to 
a higher degree, as a larger area of ceramic matrix is analysed and averaged. Images for these 2000x 
magnification analyses areas were not taken, as while it was an effective magnification to ensure no 
mineral inclusions were present, the extremely high degree of magnification did not allow for clear 
photographs to be taken. 
The fourth step involved analysis of all the different mineral types which were present within 
the 40x selected sample area. This was done as a qualitative analysis rather than quantitative to 
identify the range of mineral inclusions present, while broad quantitative patterns could be assessed 
using a regimented visual analysis (see below). 
4.3. Post-Electron Microprobe Data Analysis 
 
It is important to remember that the ultimate goal of this project is to be able to make some 
inferences about specific human behaviour, namely to learn about the nature of ceramic production 
at Tamuarawai (EQS) and what this can tell us about the nature of settlement and mobility patterns in 
Early Lapita. Simply having a record of the elemental composition of these ceramics does not illuminate 
any information about the way in which potters went about producing these ceramics and the 
decisions made by them during this process. Summerhayes (2000a: 39) notes that factors such as 
proximity to raw materials, both clay source and non-plastic minerals, and their workability would have 
played a role in the choices made by potters when selecting their raw potting materials. Bearing this 
in mind, the raw elemental data generated through the electron microprobe analysis needed to be 
translated into a form that would allow for meaningful interpretation of the assemblage. As discussed 
above, one of the advantages of electron microprobe analysis is the ability to differentiate between, 
and independently analyse, the ceramic matrix and the temper inclusions within a sample. The 
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methods outlined below describe how the raw data was translated for interpretation of both these 
aspects of investigation. 
4.3.1. Methods of analysis for Ceramic Matrices: Multivariate Statistical 
Analyses and the definition of ceramic chemical groups 
 
To assess the data generated from the analyses of the ceramic matrices, samples were 
grouped using a concept called Chemical Paste Compositional Reference Units (CPCRUs) (Bishop et al. 
1982: 302-311). This concept effectively groups samples based on the chemical similarity of the 
ceramic matrices, working on the assumption that the clays used to create different samples with 
similar elemental signatures came from the same source. The CPCRU concept has been employed 
successfully in multiple ceramic studies in the Pacific (Heath 2016; Hennessey 2007; Hogg 2007; Leclerc 
2016; Summerhayes 2000a; Sutton 2016; Vilgalys 2013). 
Interpretations of compositional data are made significantly easier when more than one 
analytical technique is applied to the same set of data (Orton and Hughes 2013: 178). Bearing this in 
mind, two multivariate statistical techniques were employed for this project. The techniques used in 
this methodology were Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA). 
PCA is probably the most popular technique for analysis and representation of data in geochemical 
studies of ceramic assemblages (ibid: 176). PCA works on the premise that samples exist in a 
geometrical space in which the axes are defined by variables, and there are as many dimensions as 
there are variables (ibid). In the case of this project, each of the twelve elements being measured 
constitute a different variable. Understandably, trying to interpret complex data which exists across so 
many planes would be seemingly impossible. PCA functions by searching the dataset for elements 
which show the greatest degree of variability and performing an orthogonal transformation of this 
multi-dimensional data into a new set of uncorrelated variables called principal components (Orton 
and Hughes 2013: 176; Summerhayes 2000a: 39). The main goal of this is to reduce this complex 
dataset into a low-dimensional set of variables which account for the greatest proportions of variation. 
As Wright (1991: 34) notes, “PCA is the least mysterious (though not least mystified!), and most robust 
and tamper-proof method that exists for reducing a table of multivariate data and revealing its latent 
structure”. For this project PCA was conducted on the first three principal components. The first 
principal component accounts for the greatest degree of variation within the dataset, the second 
component accounting for the second greatest, carrying on with each component accounting for 
decreasing degrees of variation (Orton and Hughes 2013:176; Summerhayes 2000a: 39). Data for the 
PCA was standardised using the LOGLINPC program within MVARCH as it allows for “log contrast 
principal component analysis using a centred logratio covariance matrix” (Wright 1991: 39). The 
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benefit of PCA is two-fold: firstly, the PCA scatterplots allow for visual distinction of groupings of 
samples; and secondly, the object scores from the PCA analysis were then also used in the Hierarchical 
Cluster Analysis. 
HCA for this project was conducted using Group Average and Ward’s Method (Ward 1963). 
The resultant output of HCA differs from PCA in that rather than data being displayed on a scatterplot 
as with PCA, HCA results are represented as dendrograms, a tree-like structure which links between 
samples indicate their chemical similarity (Orton and Hughes 2013: 178). Outliers are notable for their 
separation from other samples through having no or few links to other samples. By comparing the links 
apparent on the HCA dendrograms with the results of the PCA scatterplots we can confirm and refine 
the groupings initially clear in the PCA results. 
As with PCA, HCA also works on the premise that samples exist as points in a multi-dimensional 
space in which there are as many dimensions as elements being analysed (Orton and Hughes 2013: 
176; Summerhayes 2000a: 40). HCA works by measuring the geometric space between points 
(samples) within this multi-dimensional space. This study measured these spaces using Euclidean 
Distance (Baxter 1994: 159; Summerhayes 2000a: 40). Using the Group Average method, the distance 
is calculated as the average of the distances between every pair of points within the group (Everitt 
1977: 15), while Ward’s method uses minimum variance to join only those clusters which result in the 
smallest increase in within-cluster variance. Summerhayes (2000a: 39) describes the Group Average 
method as the best proven technique for the discrimination of pottery chemical groupings. 
It should be noted here that while these techniques in and of themselves are consistent 
functions of a particular clustering algorithm, the interpretation of the results of these techniques into 
groupings of samples is subjective and open to some degree of variance. Using multiple statistical 
techniques is necessary to provide a more secure dataset and allow for increased confidence in the 
interpretation of that dataset (Dubes and Jain 1976: 258). The combination of both PCA and HCA is 
important as it allows for the confirmation of groupings apparent from one technique or the other. In 
other words, it allows the researcher to ascertain whether groupings from one technique are genuinely 
the product of chemical similarity or whether they could have been grouped or split based on the 
researcher’s interpretation. 
4.3.2. Quantitative mineral analysis 
 
As mentioned above, data produced by analyses from the electron microprobe was output as 
a series of % oxides according to the twelve pre-determined elements mentioned earlier. An example 
of this can be seen in Table 6 below.  
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Table 6. Example of the raw elemental data output from analysis of an aplastic mineral inclusion of the plagioclase 
feldspar andesine. 
OXIDE WEIGHT % Mineral 
Na2O 6.19 Plagioclase 
feldspar 
























The elemental % oxide data was then compared to the oxide tables in An Introduction to the 
Rock-Forming Minerals, 2nd ed. (Deer et al. 1992) to ascertain the mineral composition of each non-
plastic inclusion analysed. 
4.3.3. Visual descriptive analysis of temper patterns 
 
The primary means of temper analysis for this study was a mineral identification analysis of 
inclusions using electron microprobe analysis. This analysis was qualitative in nature and was used to 
identify the range and diversity of mineral used as temper in the ceramic manufacture process. 
However, ceramic fabrics often display a high degree of complexity, meaning that they cannot be 
easily, if at all, categorised accurately according to single criteria (Quinn 2013: 72-73). Even from a 
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cursory glance at the samples it was clear that while the types of inclusions represented may have 
been similar to some degree, the nature in which these inclusions are utilised and represented within 
the samples is not uniform across the assemblage. It was therefore apparent that a simple qualitative 
mineral analysis would not be adequate for characterising the true nature of tempering in the 
Tamuarawai ceramic assemblage. Combining the chemical identification analysis with a methodical 
visual inspection allows for more refined temper patterns to be identified. 
The methodology for visual analysis employed here is based off one of the main descriptive 
categories outlined by Quinn (2013: 70-102), with his classifications a modification of the Whitbread 
Descriptive System (Whitbread 1989). The characteristic which was used for this analysis was the 
relative abundance of inclusions within the sample. This was done by comparing samples against 
Quinn’s abundance comparison chart (Figure 13). This chart provides pictographic representations of 
samples with varying abundances/concentrations of inclusions, organised as percentages, against 
which microscopic photographs of actual samples can be compared for a visual estimation. 
 
Figure 13. Comparison chart for visual estimation of the relative abundance of inclusions (from Quinn 2013: 82). 
Ultimately, samples were assigned to new fabric groupings based on the combined qualitative 
mineral analysis and assessment of aplastic inclusion abundance. Descriptions of the newly assigned 
fabric groupings are presented along with the results of the fabric analysis in the following chapter. 
The following chapter also presents the results of the ceramic matrices analysis and initial 





This chapter presents the results of the physicochemical analysis on samples from the 
Tamuarawai (EQS) ceramic assemblage. As discussed in the methodology, electron microprobe 
analysis was employed for this analysis, primarily due to the ability to independently analyse both the 
ceramic matrix and aplastic mineral inclusions (temper). The first section focuses on the chemical 
analysis of the ceramic matrices, while the second section of this chapter presents the results of the 
fabric analysis. These provide a material identification of the resources utilised in the ceramic 
production; both the number of clay sources used in the manufacture of the assemblage, and of the 
range of aplastic mineral inclusions added as temper by potters. Subsequently these results are 
combined to establish a model for the nature of production for the Tamuarawai assemblage. 
5.1. Analysis of ceramic matrices 
 
This section presents the results of the ceramic matrix analysis. Analysis was conducted using 
an electron microprobe with an energy dispersive spectrometer (EDS). Data for each of the 40 samples 
analysed was obtained by averaging five chemical readings taken at different locations within the 
ceramic matrix. This was done to minimise any bias that could potentially be caused if the 
representativeness of a single reading were affected due to mineral interference. As discussed in 
Chapter 4, in order to make archaeological sense out of the statistical data, it is imperative to use a 
number of different analytical techniques in order to confirm that groupings apparent using one 
method are actually valid. Once the raw elemental data had been procured it was then subjected to 
Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) to translate the raw data 
into a meaningful form for archaeological investigation. PCA provides a visual representation of the 
chemical variance for the ceramic matrices of the assemblage by reducing the multi-dimensionality of 
complex datasets, allowing for groupings of samples to be visually identifiable on the PCA plots. 
Hierarchical Cluster Analysis using Group Average and Ward’s Method were used to produce 
dendrograms, on which the CPCRUs identified in the PCA analysis were tested. This allowed for the 
characterisation of ceramic matrices into compositional groups known as Chemical Paste 
Compositional Reference Units (CPCRUs). These are discrete groupings based on chemical similarity. 
From an archaeological perspective, it is inferred that each discrete CPCRU represents an independent 
clay source being utilised for ceramic production. 
Principal Component Analysis was conducted on Components 1 and 2, and 1 and 3. 
Component 1 accounted for 39.48% of data variance. Plotting Component 1 against Component 2 
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accounted for a further 28.93%, extending the variance accountability to 68.41% (Figure 14). Including 
the third component accounts for an additional 13.72% of statistical variance in the data. 
Consequently, 82.13% of data variance within the assemblage is accounted for by the first three 
principal components (Figure 15). 
 





































Figure 15. PCA plot showing components 1 and 3. 
When examining the PCA plots (Figures 14 and 15.) it is apparent that there are discrete 
clusters of samples that group together in each of the plots. These groupings are confirmed when 
examining the HCA analyses for both the Group Average (Figure 16) and Ward’s (Figure 17) methods. 
As explained in the Chapter 4, the usefulness of utilising multiple forms of analysis proved useful. 
Several samples that may have been grouped together based off one or other of the PCAs were shown 
to be independent groupings when examined with multiple techniques. Based on the combined 








Figure 17. Dendrogram showing hierarchical cluster analysis using Wards method. 
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5.2. Fabric Analysis 
 
This section presents the results of the fabric analysis of aplastic minerals utilised in the 
manufacture of the Tamuarawai ceramic assemblage. As discussed in the methodology, samples were 
selected for analysis based on a basic ocular fabric analysis conducted by Hogg (2012) as part of his 
investigation into ceramic production specialisation at Tamuarawai. Hogg (ibid: 64) classified samples 
according to one of three basic fabric groups, following Dickinson (2006:3). The three fabric groups are 
as follows: Calcareous (C), which are sands comprising eroded bioclastic reef detritus; Terrigenous (T), 
which are sands derived from volcanic or silicate bedrock; and Hybrid (C+T) sands comprising a mix of 
both calcareous and terrigenous materials (ibid). Of the 40 samples analysed for this project, six were 
identified as Calcareous, 16 were Terrigenous, and the remaining 18 were of the Hybrid group (Table 
5). The numbers of samples selected from each group was based off the proportions designated to 
each group by Hogg (2012: 96; see also Figure 12 in Chapter 4). 
It is important to note that the fabric analysis conducted for this study was qualitative in nature 
and sought to identify the range and diversity of aplastic temper minerals represented in the 
assemblage. However, combining the qualitative analysis with basic visual inspection of the samples 
allowed for further insight regarding the nature of temper inclusions which could not be gleaned by 
simply looking at a checklist identifying the variety of mineral inclusions present. For this project visual 
inspection was done using the concept of relative abundance of aplastic inclusions, part of a descriptive 
system outlined by Quinn (2013: 80-93), itself a modification of the Whitbread (1989) descriptive 
system. Combining the results of the qualitative mineral identifications with a visual inspection of the 
relative abundance of inclusions allowed for broad quantitative patterns to be assessed. It became 
apparent from analysis that while the basic fabric groups employed by Hogg (2012) were suitable for 
his investigation, and as a starting point for selection of samples for this investigation, they are not 
wholly sufficient for categorising the variability and complexity of the temper inclusions in this 
assemblage, and that there were both intragroup differences and intergroup similarities when 
examining temper patterns according to Hogg’s basic fabric categories. An example of this is 
demonstrated in Figure 18 below. The two samples in this table were both classified by Hogg (2012) 
as terrigenous. Mineralogically, this is the correct assessment, as electron microprobe analysis on the 
aplastic inclusions in these two samples confirmed that they were both indeed devoid of any 
calcareous materials. However, it is immediately apparent looking at the two samples side-by-side that 




Figure 18. Images comparing two samples at 40x magnification defined by Hogg (2012) as terrigenous. 
As a result of this analysis, samples were ultimately categorised into more refined fabric 
groupings. A basic overview of each of the new groups is provided below. The relationship of these 
groups to CPCRU and vessel form will be discussed following the outlining of CPCRUs in the next 
section. 
5.2.1. Newly defined fabric groups 
 
As a result of this analysis, samples have been assigned to one of five newly defined fabric groups. 
The five fabric groups to which samples which have been assigned for this investigation are as follows: 
1. Ferromagnesian (Fe/Mg) 




The first four of these categories were used successfully by Sutton (2016), and Vilgalys (2013) in 
their investigations into the nature of Early Papuan Pottery (EPP). The fifth category was added to 
account for additional variation within the tempering of mineralogically similar samples. Descriptions 
for the five fabric groups are as follows (also see Figure 18 for images demonstrating the characteristics 
of the different groups): 
1. Ferromagnesian (Fe/Mg) Group 
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It is characterised by high densities of terrigenous inclusions. This is categorised as >40% 
relative abundance according to Quinn’s (2013: 82; also see Figure 13 in Chapter 4 of this study) 
density comparison chart. The dominant inclusions in this group are the pyroxene augite, the 
plagioclase feldspar albite, the alkali feldspar orthoclase, and oxides (primarily hematite). Also 
noteworthy is that these were the only two samples identified as containing the mineral olivine, 
albeit in very small quantities. Minor inclusions in this group were the plagioclase feldspar 
andesine. Calcareous inclusions were entirely absent. This group consists of two samples. 
2. Ferromagnesian/Light (Fe/Light) 
The Fe/Light group is dominated by the pyroxene augite, plagioclase feldspars (primarily 
andesine), oxides (primarily hematite), and quartz. Lesser inclusions include the plagioclase 
feldspar albite, alkali feldspar orthoclase, the amphiboles cummingtonite and hornblende, 
calcareous, epidote, garnet, and apatite. The major difference between the Fe/Mg and the 
Fe/Light group is that samples in the Fe/Light group contain a low density of aplastic inclusions 
whereas samples in the Fe/Mg groups are both heavily tempered. The samples in this group 
typically measured around 10-20% relative abundance of aplastic inclusions. Seven samples were 
assigned to this group. 
3. Light 
The Light fabric group is characterised by very low amounts of opaque terrigenous aplastic 
inclusions. The dominant inclusions in this group are quartz, oxides (hematite, ilmenite, and 
ferrous oxide) and lithic fragments. Minor inclusions were epidote, found in one sample. This group 
was entirely devoid of calcareous inclusions. This group was also devoid of the pyroxene augite, 
and plagioclase feldspar andesine, both of which are primary characteristics of the Fe/Light group. 
Samples in this group were at 10% or lower relative abundance of aplastic inclusion density. Three 
samples were assigned to this group. 
4. Calcareous 
The Calcareous fabric group is characterised by a predominance of calcareous aplastic 
inclusions. While a range of other aplastic inclusions were identified in samples from this group, 
any non-calcareous inclusions were always represented by only a few individual grains. Commonly 
also identified across samples in this group were quartz (identified in 63% of samples in this group), 
and oxides (identified in 79% of samples in this group) (as opposed to the various terrigenous fabric 
groups, oxides in the Calcareous fabric group were primarily ferrous oxide, although hematite and 
ilmenite were still present in some samples). Minor inclusions in this group include plagioclase 
feldspars (andesine and oligoclase), alkali feldspar orthoclase, the pyroxene augite, the amphibole 
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cummingtonite, glass, epidote, chlorite, apatite, and lithic grains. Samples in this group were 
typically >20% relative abundance in density. This was by far the largest fabric group, comprising 
24 samples. 
5. Hybrid 
The final fabric group classified for this investigation is the Hybrid group. This fabric group is 
characterised by a combination of both calcareous and terrigenous aplastic inclusions, represented 
in the samples by relatively equal proportions. The dominant inclusions in this fabric group are 
calcareous grains, the plagioclase feldspar andesine, the pyroxene augite, quartz, and oxides 
(primarily hematite). Minor inclusions include the amphibole cummingtonite, and lithic inclusions. 
Overall relative abundance of aplastic inclusions in this group measured around 20-40%. Four 
samples were assigned to this group. 
 
1. Ferromagnesian (Fe/Mg) 
 



















Figure 20. Proportions of the 40 samples assigned to each of the five fabric groups. 
Figure 20 shows the proportions of samples assigned to each of the five fabric categories which 
were defined based on this analysis. The Calcareous fabric group was overwhelmingly the most 
dominant fabric group at Tamuarawai, accounting for 60% of the samples analysed. Fe/Light was the 
second most common group, accounting for 17% of the samples analysed, followed by the Hybrid 
group (10%), the Light group (8%), and lastly the Fe/Mg group, of which the two samples accounted 
for 5% of the overall sample. These revised groups show a large difference when compared to the 
fabric groups employed by Hogg (2012: 96; also see Figure 12 in Chapter 4). 
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Figure 21. Distribution of the 40 samples according to fabric group and vessel form. 
Figure 21 shows the relationship between the five new fabric groups and the six vessel forms 
identified by Hogg (2012) as present within the Tamuarawai assemblage. It is apparent that there is no 
real correlation between the fabric groups and vessel form, indicating that different temper types 
could be used to produce a variety of vessel forms. Unsurprisingly, given the ubiquitous nature of 
calcareous sands across the Pacific, and the overwhelming presence of the Calcareous fabric group 
across the samples analysed, the calcareous temper type is represented across all six vessel forms. 
5.3. Discussion of results 
 
This section will combine the results of both the ceramic matrix analysis and the fabric analysis to 
give a better picture as to the nature of ceramic production of the Tamuarawai assemblage. Figure 22 
shows the distribution of fabric groups across the twelve CPCRUs. It is apparent that there is little 
correlation between CPCRUs and fabric groups, showing instead that the different fabrics have been 
used in association with a range of different clay sources. Naturally, the five CPCRUs represented by a 
single sample are also represented by a single fabric group. CPCRU #7 is the only larger CPCRU which 
is entirely represented by a single fabric group, with Calcareous tempering across all eight samples. 
The Calcareous group is also the dominant fabric group in CPCRUs #5, #6 and #10. The Fe/Light fabric 
group is the dominant temper type in CPCRU #9, while the remaining fabric groups are spread across 
the CPCRUs with no discernible pattern. However, some of these pattern limitations may be down to 



























































Figure 22. Distribution of samples according to CPCRU and fabric group. 
There is also no strong link between CPCRU and vessel form, as demonstrated by Figure 23. 
This figure shows clearly shows that all vessel forms were manufactured using a range of different clay 
sources. The only exception to this is vessel form IV, which was represented by a single sherd in the 































































5.3.1. CPCRU Summary 
 
Based on the combined results from the PCA and HCA, twelve CPCRUs were identified. Five of 
these groups were larger, comprising at least five samples each (Table 7). Of the remaining seven 
groups, two contained two samples each, while the other five groups consist of outliers which 
separated out from the other samples on both the PCA plots and HCA dendrograms. The following 
section will summarise the composition of the different CPCRUs. 
Table 7. Distribution of samples across CPCRU and fabric group. 
CPCRU Fe/Mg Fe/Light Light Calcareous Hybrid Total 
1 - - 1 1 - 2 
2 1 - 1 - - 2 
3 - 1 - - - 1 
4 - - - 1 - 1 
5 - - 1 5 - 6 
6 - 2 - 3 2 7 
7 - - - 8 - 8 
8 - - - - 1 1 
9 1 3 - 1 - 5 
10 - 1 - 3 1 5 
11 - - - 1 - 1 
12 - - - 1 - 1 
 
CPCRU #1 consists of two samples (Table 8). These samples group together clearly on both the 
PCA plots, as well as being on distinctly separate branches from other samples on both HCA 
dendrograms. One of these samples is identified as belonging to the Light fabric group, and vessel form 








Table 8. Samples for CPCRU #1 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #2 consists of two samples, both of vessel form I (Table 9). However, although these 
group into the same CPCRU, the temper composition of the two samples is radically different. Neither 
of these samples were found to contain any calcareous material, but while one was densely tempered 
with high concentrations of feldspars, pyroxenes and oxides, the other sample barely contained any 
temper materials at all with only a couple of grains of quartz and a sparse mixture of lithic fragments. 
As a result of the fabric analysis, sample #46 was assigned to the Light fabric group, while #114 was 
categorised as part of the Ferromagnesian (Fe/Mg) group. 
Table 9. Samples for CPCRU #2 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #3 consists of a single outlier sample representing the Fe/Light fabric group, and vessel 
form VIII (Table 10). 
Table 10. Samples for CPCRU #3 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 


















































































































CPCRU #4 also represents a single outlier sample (Table 11). This sample is vessel form VII and 
belongs to the Calcareous fabric group. 
Table 11. Samples for CPCRU #4 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 























































































































CPCRU #5 consists of six samples (Table 12). These samples all grouped together on both the 
HCA dendrograms (Figures 16 and 17). They also grouped together discretely on the PCA 1 and 2 plot 
(Figure 14). On the PCA 1 and 3 plot (Figure 15) they are all still grouped together, but in a less compact 
grouping than the first plot, indicating that the third component accounts for greater elemental 
variability with this group. Five of the six samples in this CPCRU are of the Calcareous fabric group, 
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while the remaining sample is from the Light fabric group. Four vessel forms were represented within 
this CPCRU. 
Table 12. Samples for CPCRU #5 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #6 is the second largest CPCRU, consisting of seven samples (Table 13). These samples 
include those assigned to three of the fabric groups and four of the vessel forms. 
Table 13. Samples for CPCRU #6 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #7 is the largest of all CPCRUs, comprising eight samples (Table 14). This is the only 
CPCRU (of those consisting of more than one sample) in which every sample belong to the same fabric 
group, Calcareous. There are three vessel forms represented within this CPCRU, one sample belonging 






Table 14. Samples for CPCRU #7 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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Table 15. Samples for CPCRU #8 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 



































































































































CPCRU #9 consists of five samples (Table 16). While these five samples have been 
manufactured using clay from the same source, it is quite clear that they have been tempered 
differently, and three different fabric groups are present in this CPCRU. Sample #129 is one of two 
samples (the other being #114 from CPCRU #2) in the assemblage to have been heavily tempered with 
terrigenous minerals in such a way that they are visually very distinct compared to any of the other 
samples analysed for this project. These are the only two samples in the assemblage to contain olivine, 
albeit in very small quantities. This sample, and #144 from CPCRU #2 are the only two sherds analysed 
to belong to the Fe/Mg fabric group. Three of the five samples in this CPCRU belong to the Fe/Light 
fabric group. These three samples are all the same vessel form as well (vessel form VI). The final sample 
within this CPCRU is also vessel form VI but is of the calcareous fabric group. 
Table 16. Samples for CPCRU #9 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #10 is the comprises of five samples (Table 17). Three of the five fabric groups are 
represented in this CPCRU, while four of the vessel forms are represented. The two samples which 
both represent vessel form V are from different fabric groups. 
Table 17. Samples for CPCRU #10 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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CPCRU #11 is an outlier representing the Calcareous fabric group, and vessel form I (Table 18). 
Table 18. Samples for CPCRU #11 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 













































































CPCRU #12 is an outlier sample (Table 19). This was the most obvious outlier of all the samples 
analysed for this project, and clearly separated from the other samples on both PCA plots (Figures 14 
and 15) as well as branching separately on both HCA dendrograms (Figures 16 and 17). This sample 








Table 19. Samples for CPCRU #12 showing sample numbers, Hogg’s fabric groups, new fabric groups, vessel form, and the 
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5.3.2. Initial interpretations 
 
Taken together, these results demonstrate that while some smaller patterns do emerge, there 
is no overarching correlation between CPCRU, fabric grouping, and vessel form. Figure 22 showed that 
there was no clear link between CPCRU and fabric group. CPCRU #7 was the only larger CPCRU in which 
only a single fabric type (Calcareous) was used, although most samples in CPCRUs #5 and #10 were 
also tempered with the same fabric group. However, given that calcareous sands are so prolific across 
islands in the Pacific (Dickinson 2007: 987), it is unsurprising to find such prevalent use of calcareous 
material as temper. While there was little in the way of patterns emerging between the CPCRUs and 
fabric groups, when examining specific mineral inclusions there are some noteworthy observations 
with regards to the relationship between these two facets of ceramic manufacturing. Mentioned 
above as being the only CPCRU to be associated with a single fabric type, CPCRU #7 (Table 14) was also 
the only group to be entirely devoid of pyroxenes, while also being almost entirely devoid of feldspars 
as well. Another pattern can be seen with the inclusion of amphiboles. Only six samples of the forty 
which were analysed contained any types of amphibole. Of those six samples, four belonged to CPCRU 
#6 (Table 13), while the remaining two samples were both from CPCRU #10 (Table 17). The four 
amphibole bearing samples from CPCRU #6 represent two different fabric groups (Fe/Light and 
Hybrid), and three different vessel forms. However, at a qualitative level, the four samples from CPCRU 
#6 containing amphiboles have almost the exact same aplastic inclusions despite belonging to two 
different fabric groups. This difference could perhaps represent the individual manufacturing variance 
of several potters producing vessels from the same resources, but simply proportioning their tempers 
in a different manner. CPCRU #9 is the only group in which all samples contain the pyroxene augite, 
and four of the five samples in this CPCRU were entirely devoid of calcareous inclusions. 
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Figure 23 showed that vessel forms were manufactured using a wide range of clay sources. As 
an example, thirteen samples from vessel form VI were analysed. These thirteen samples are 
associated with five different CPCRUs. At first glance it might appear that there is no real association 
between CPCRU and vessel form. However, when looked at from the individual CPCRUs there is a 
grouping with CPCRU #9. This CPCRU consists of five samples, with four of those being vessel form VI 
(and three of those four belonging to the same fabric group, Fe/Light). 
Looking at both the PCA plots, there is some degree of overlap between some CPCRUs, 
particularly on PCA 1 and 3 (Figure 15). However, on the PCA 1 and 2 (Figure 14), which accounts for 
the greatest degree of variability, all CPCRUs separate out cleanly, except for CPCRU #9 and #10 which 
have a slight overlap in both PCA plots. This could lead one to conclude that the samples in both these 
groups have derived from the same clay source, however, when looking at the same samples on both 
HCA dendrograms the groups clearly separate (Figures 16 and 17). The distinction between these two 
is further exaggerated when also looking at the aplastic mineral inclusions and vessel forms. As is 
mentioned above, CPCRU #9 is the only group in which all five samples contain the pyroxene augite, 
and four of the five samples are entirely devoid of calcareous inclusions. Four of these five samples 
were vessel form VI (Table 16). Contrasting with CPCRU #10 though, only two of the five samples in 
this group contained the pyroxene augite, while only one sample was devoid of calcareous material. 
These combinations the justify separation of the samples from CPCRU #9 and #10 into two different 
groups. 
Overall, these results demonstrate that there was little in the way of manufacture occurring 
at specialised production centres, with different vessel types being manufactured using a variety of 
different clays and aplastic mineral inclusions. This supports the notion that the people who inhabited 
the Tamuarawai site were highly mobile. This is consistent with existing models of Early Lapita mobility, 
as discussed in Chapter 2. The precise nature of this settlement and mobility model will be discussed 




6. Discussion and conclusion 
 
This chapter will look at the results of this investigation in relation to the research questions set 
out in Chapter 1. The major gap which this study sought to address was a lack of data concerning Early 
Lapita sites. Prior to the discovery of the Tamuarawai site, only nine other sites had been identified as 
Early Lapita (Summerhayes et al. 2010b: 62). As a result, existing models of interaction and mobility 
amongst Early Lapita communities are based off a small amount of data. This study aimed to add to 
the existing data pool for Early Lapita sites, to test existing models of Early Lapita settlement and 
mobility, and to provide further resolution to our understanding of the nature of Early Lapita 
settlement. Two primary research questions were proposed in Chapter 1 to fulfil the objectives of this 
study. These questions were: 
1. What does physicochemical analysis of the ceramic assemblage from Tamuarawai suggest 
about the patterns of interaction and mobility of those who inhabited the site? 
2. How do the patterns identified at Tamuarawai fit within existing models of Early Lapita 
settlement and mobility? Do they support the claim that most ceramics were produced locally, 
or does it suggest high movement of pottery with little local production occurring? 
The following sections will address these questions. 
6.1. The nature of interaction and mobility at Tamuarawai 
 
The results from this study clearly demonstrate that the inhabitants of Tamuarawai were 
highly mobile. Electron microprobe analysis showed that at least 12 different clay sources (Table 7) 
and an array of temper minerals were used in production of this assemblage (Tables 8-19). There was 
little in the way of discernible correlation between CPCRU, fabric groups and vessel form (Figures 21-
23). This suggests that ceramic production was conducted by groups of mobile potters moving around 
the landscape, utilising a wide range of resources. 
But what can these results tell us concerning Hogg’s (2012: 132) assessment of the “non-local” 
nature of the Tamuarawai ceramic assemblage, and what affinities might the Tamuarawai assemblage 
share with ceramics from other Early Lapita sites? Firstly, of the 40 samples analysed, there is only a 
single sherd for which truly local production could be possible. This sample, #18, was the only sample 
analysed in this study in which 100% of the aplastic mineral inclusions were the same (Table 12). The 
aplastic inclusions in this sample were all calcareous. Also noteworthy is that this sample represents 
the sole sherd of the Tamuarawai assemblage to be classified as vessel form IV.  
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Tamuarawai is a raised limestone island (Summerhayes et al. 2010b: 62), meaning that it is 
comprised entirely from calcareous material. However, being ubiquitous in the region means that 
calcareous inclusions themselves are of little use for investigating patterns of settlement and mobility, 
as it is not possible to determine whether these tempers have been sourced locally or not. One would 
assume, given their ubiquitous nature, that potters would simply source the calcareous components 
of their tempers locally, or that the calcareous components of some of these tempers would have been 
mixed in with terrigenous grains in beach placer sands. It seems unlikely that potters would transport 
calcareous sands from one location to another for potting when they could simply get the same 
material locally. Consequently, while sample #18 could have conceivably been produced on the island 
of Emirau, the lack of geological resolution afforded by calcareous inclusions means this can neither 
be confirmed nor denied. 
The same is not true, for the various terrigenous aplastic inclusions which were identified 
within 39 of the 40 samples from the Tamuarawai assemblage. As terrigenous inclusions derive from 
locations with volcanic origins, any of these inclusions identified within the Tamuarawai ceramic 
assemblage could not have originated from the island of Emirau. Unlike obsidian, which can be reliably 
chemically provenanced to source locations (see discussion in Chapter 2 regarding assessing mobility 
through obsidian analysis), identifying the components of ceramics to source is problematic. However, 
examining the terrigenous components of the aplastic inclusions within the sherds in relation to known 
local geologies can give an indication as to possible source areas, what Bishop et al. (1982: 276) refer 
to as “procurement zones”. 
If the Tamuarawai ceramic assemblage was not produced on Emirau itself, where did these 
ceramics likely originate from? The probable candidate for the majority of the Tamuarawai assemblage 
is that they share similar origins to much of the Mussau assemblages and were likely imported from 
one or other of the Mussau Lapita sites. Affinities with the Mussau assemblages are discussed below.  
Some of the issues with other related studies previously highlighted also create issues when it 
comes to examining connections the Tamuarawai ceramic assemblage may have with other Early 
Lapita sites in the region. As discussed earlier, the methodology employed by Hunt (1989) could not 
provide the same comprehensive resolution as was possible in this study. Hunt’s (ibid: 204-205) 
temper analysis grouped samples into three groups: 
1. Calcareous sand with no other constituents. 
2. Calcareous sand with secondary (often small) amounts of black sand. 
3. Black sand and quartz. 
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These groups are similar in nature to the three fabric groups, calcareous, terrigenous, and hybrid, 
described by Dickinson (2006: 3-4) and employed by Hogg (2012) in his study on specialised production 
at Tamuarawai. As was discussed in the results chapter of this study, electron microprobe analysis of 
the Tamuarawai ceramic assemblage highlighted issues concerning the lack of resolution provided by 
examining complex temper patterns using basic visual analysis methods. This was demonstrated by 
marked differences in the fabric groups assigned by Hogg (2012: 96) through visual analysis using a 
handheld magnifier, and the fabric groups assigned by this author following a comprehensive, 
qualitative mineral identification using electron microprobe analysis in combination with a visual 
analysis. If one were to draw conclusions about the nature of the Tamuarawai assemblage based on 
the groups assigned using visual analysis, any interpretations regarding the nature of ceramic 
production could prove to be quite different to interpretations drawn using electron microprobe 
analysis. In fact, results from this study indicate that the inhabitants of Tamuarawai were highly mobile 
and employing a form of “Mobile Specialised Production” (Hogg 2012: 28), while results from Hogg’s 
(2012) analysis, based in part on a fabric analysis conducted using a basic visual analysis, contend that 
Tamuarawai potters were using a “Specialised Regional Production” strategy (ibid: 28). In the same 
way, issues arise when it comes time to compare the results from this study to those produced by Hunt 
(1989).  
A commonality between the ceramic assemblages from the Mussau island group and from 
Tamuarawai is almost to be expected given the proximity of the islands to each other, as well as other 
evidence from Tamuarawai which suggests the site may have functioned as a seasonal fishing camp 
(Summerhayes et al. 2010b: 72). We can infer probable links from similarities in the results of Hunt’s 
ceramic matrix analysis and those from this investigation. From his compositional data, Hunt argued 
that in the earliest phase of occupation at Talepakemalai (ECA), potters were using at least 12 distinct 
clay sources to create their assemblage (Hunt 1989: 200; Kirch 2000: 113). Results from this study also 
demonstrated that at least 12 clay sources had been used to manufacture the Tamuarawai ceramic 
assemblage. Along with ceramic sherds, Hunt (ibid: 169-170) also analysed a sample from the only 
known clay source on Mussau, and two samples from contemporary sources in the Manus group. Hunt 
concluded that there was no relationship between the 12 clay sources used in Mussau ceramic 
production, and the three clay source samples he tested (ibid: 200). He noted that these compositional 
groups belonged to unknown sources, or possibly unsampled facets of the clay sources which were 
tested (ibid: 204). 
Regardless of the methodological issues which have been highlighted in Hunt’s investigation, some 
conclusions can still be made in relation to inferred connections between the Mussau and Tamuarawai 
ceramics. Hunt found that his first fabric category, calcareous with no other constituents, was the most 
represented fabric group within the Early Lapita sites at Mussau. At ECA/A, this group accounted for 
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91% of the assemblage, at ECA/B this was 76%, at ECB this group constituted 78.2% of the assemblage, 
and at EHB 96% of the assemblage belonged to this group (Summerhayes 1996: 22, as cited by 
Thomson 1998: 21-22). In comparison, the results of this study categorised 60% of the Tamuarawai 
assemblage as belonging to the Calcareous fabric group (Figure 20). While these were classified using 
a different framework than Hunt, it clearly demonstrates similar proportions of the Mussau and 
Tamuarawai assemblages were produced using calcareous tempers, although given the ubiquitous 
nature of calcareous sands in the Pacific, this is hardly unexpected or revelatory. 
Ultimately, Hunt concluded that at least 88-100% of the 172 sherds analysed were exotic to the 
Mussau group (Hunt 1989: 189-191; 200). However, given that Hunt’s conclusions were based on 
assumptions that the geology of Mussau is much simpler than in reality, it is certainly quite possible 
that the origins of the Mussau assemblages are more local than previously thought. As Thomson and 
White (2000: 310) note, the Mussau clay source analysed by Hunt was shown to him by Mussau locals, 
and that in reality, it is quite possible that prehistoric clay sources used by Early Lapita potters are still 
unknown, are no longer present, or have chemically altered since time of occupation. They conclude 
that only a small portion of the assemblages analysed by Hunt can definitely be demonstrated as exotic 
to the Mussau group. 
Like Emirau, the smaller islands of the Mussau group are calcareous in origin (Dixon 1981; Egloff 
1974: 15). However, the main island of the group, Mussau, has a volcanic core (ibid). The central hills 
of the island have an underlying core of volcanic pyroclastics and lavas, primarily basalts and tuffs, 
while gabbros have also been noted (Dadisman and Marlow 1988: 212-213; Ford and Feodoroff 1974: 
4-5). These types of rocks are comprised of many of the mineral types identified in the Tamuarawai 
assemblage. 
The eight samples in CPCRU #7, all belonging to the Calcareous fabric group, were likely a product 
of local production within the Mussau group. These samples are dominated by calcareous inclusions, 
as is expected from Mussau sands, but the presence of oxides and quartz, with trace amounts of 
minerals including plagioclase feldspars, glass, epidote, chlorite, apatite and lithic fragments (Table 
14), could derive from the volcanic core of Mussau (Dadisman and Marlow 1988: 212-213; Ford and 
Feodoroff 1974: 4-5; White and Warin 1964: 59). Five of the six samples in CPCRU #5 (all but sample 
#16 which is discussed below) are likely also a result of local production within in the Mussau group. 
This group includes sample #18, the sole sample in the assemblage belonging to vessel form IV. These 
five samples all belong to the Calcareous fabric group. These samples have almost an identical range 
of mineral inclusions as those in CPCRU #7, and are dominated by calcareous inclusions, with oxides 
and quartz common, while one sample had the pyroxene augite (Table 12). Five of the six vessel forms 
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identified in the Tamuarawai assemblage are represented across these 13 samples. This suggests little 
in the way of specialised local production. 
Derivation for some sherds from areas within New Britain seems likely. Boduna placer tempers 
contain orthopyroxene-rich tempers (Dickinson 2007: 1000). Orthopyroxene was not identified in a 
single Tamuarawai sample, so Boduna is an unlikely candidate, however, offshore islands to the west 
and east of New Britain contain significantly lower proportions of orthopyroxene (ibid: 1000-1001), so 
a lack of this in the Tamuarawai assemblage does not necessarily preclude elsewhere in New Britain. 
Gosden and Webb (1994: 34) examined beach sands from Paligmente, Pililo Island in the Arawe island 
group and found sands were predominantly calcareous materials, with non-calcareous matter 
including quartz and K-feldspar with occasional grains of plagioclase feldspar and pyroxene. Only four 
samples analysed were found to contain K-feldspars. Two of those (the two samples belonging to the 
Fe/Mg fabric group) are radically different to the rest of the assemblage and are discussed further 
below. The remaining two samples containing K-feldspars, samples #56 and #72, belong to the 
Calcareous and Fe/Light fabric groups (Tables 13 and 16). Both these samples are vessel form VI. Like 
the Paligmente beach sands identified by Gosden and Webb (ibid), these two both contained quartz 
and K-feldspars, as well as some oxides, with limited minor inclusions, and as such are interpreted as 
possibly deriving from Pililo Island. 
Six samples from Tamuarawai were found to contain amphiboles. These six samples also 
presented strong similarities with other mineral inclusions and were restricted to two CPCRUs. Of the 
six samples containing amphiboles, five also contained the plagioclase feldspar andesine, five 
contained quartz, four had the pyroxene augite, and four contained calcareous inclusions. All six 
contained oxides. Due to differing proportions of these inclusions, three of these samples were 
assigned to the Fe/Light fabric group, while two were assigned to the Hybrid group, and the remaining 
sample to the Calcareous group. Four of these samples belong to CPCRU #6 and were drastically 
different to the remaining three samples in this CPCRU (Table 13), while the remaining two samples 
containing amphiboles are from CPCRU #10 (Table 17). Five of these samples resemble the fabric 
constituents of six samples from the Apalo (FOJ) site in the Arawes (Summerhayes 2000a: 175). 
Summerhayes (ibid: 175-178) notes that the sands used in those sherds are not out of place in sands 
from the Anu River. Given the strong correlation between fabrics and CPCRU for these samples, it is 
likely that the four amphibole bearing samples from CPCRU #6 represent preformed vessels which 
were imported to Tamuarawai, rather than importation of the raw components. One of the six samples 
containing amphiboles is interpreted as coming from Adwe (FOH). This sample, #68, belongs to the 
calcareous fabric group and is from CPCRU #10. This sample has a similar range of mineral inclusions 
as the magnetite sherds from Adwe, which Summerhayes (2000a: 172, 175-176) notes resemble sands 
from the Alimbit River. The last sample containing amphiboles is from CPCRU #10 like the sherd 
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thought to be from Adwe, although has temper minerals more like those from the four grouped above 
which are interpreted as coming from Apalo. This likely represents procurement of raw materials 
rather than importation of whole vessels like those mentioned above. 
Additionally, three samples, #50, #79, and #104, belonging to the Fe/Light fabric group have 
strong similarities to sands from the north coast of New Britain (Summerhayes 2000a: 168-170). These 
samples contain the plagioclase feldspar andesine, oxides and quartz, with pyroxene augite, calcareous 
as minor inclusions, while a single grain of garnet was identified in one sample (Tables 10 and 16). 
These are most like sands from Walindi Beach, which Summerhayes (ibid) notes are “similar to the 
Garua Wharf sands except for the presence of quartz and the lack of glass inclusions and hornblende”. 
Several exotic sherds from the Mussau group are thought to have derived from a cluster of 
small islands in the southern Admiralty Group using backarc tempers (Dickinson 2006: 76). These 
samples contained high quartz content and a prominence of volcanic lithic fragments (ibid). The three 
samples, #7, #16, and #46, in this study belonging to the Light fabric group may have similar origins. 
These samples did not have a high relative abundance of inclusions but were characterised by quartz 
and lithic material as well as a mix of oxides. They also lacked the pyroxene augite, and plagioclase 
feldspar andesine, standard components in most Bismarck tempers (Dickinson 2006). 
The two samples, #114 and #129, from the Ferromagnesian fabric group (Fe/Mg) were 
tempered radically different to the rest of the assemblage (Tables 9 and 16). These two samples 
displayed high relative abundance of terrigenous aplastic inclusions and were entirely devoid of 
calcareous inclusions. These samples were characterised by high concentrations of the pyroxene 
augite, the plagioclase feldspar albite, the alkali feldspar orthoclase, and oxides (mostly hematite). 
These two sherds were also the only samples to contain olivine, albeit in very small quantities. These 
samples are very clearly of different origin to the remainder of the assemblage. They strongly resemble 
temper sands from the postarc TLTF chain. Formed by the geologically distinct Tabar, Lihir, Tanga, and 
Feni island groups, this chain is located off the northeast coast of New Ireland (Dickinson 2006: 76; 
Hennessey 2007: 73). Composed of Neogenic alkalic volcanic rocks (ibid), TLTF tempers are 
characterised by an abundance of clinopyroxene, and K-feldspars. This aligns well with the inclusions 
identified in the two Fe/Mg samples from Tamuarawai. These two samples are also devoid of quartz, 
a common constituent of most of the Tamuarawai sherds. Dickinson (2006: 76) notes that absence of 
quartz is expected from tempers derived from alkalic volcanic assemblages. As mentioned above, the 
two Fe/Mg samples from Tamuarawai also contained high concentrations of the plagioclase feldspar 
albite and were also the only two samples in the assemblage to contain olivine. These minerals were 
both identified in samples from the Early Lapita site of Kamgot (ERA) in the Anir island group, in 
conjunction with the other minerals mentioned above (Hennessey 2007: 53-55). As to where in the 
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TLTF chain these samples may have come from, it is difficult to narrow down specific locations. Temper 
sands from Ambitle island in the Anir group tend to contain hornblende and some oxide grains 
(Dickinson 2006: 76), both absent in the Fe/Mg samples from Tamuarawai. Consequently, we can likely 
exclude Ambitle as a source location. However, Babase, the island in the Anir group where Kamgot is 
located tends to only show trace amounts of hornblende (ibid), so absence of this in the two 
Tamuarawai sherds could mean they might derive from Babase. Hennessey (2007: 76) argues for this 
trend for the vast majority of the Kamgot sherds, based on the same observation. Given the strong 
connections inferred between the Tamuarawai and Mussau assemblages, the presence of TLTF 
tempers in these two sherds from Tamuarawai is not unsurprising, as a few of the Mussau sherds have 
also been shown to contain TLTF temper sands (Dickinson 2006: 76). 
The discussion above accounts for 73% of the Tamuarawai sherds analysed. The remaining 11 
samples are predominantly calcareous in nature with nine belonging to the Calcareous fabric group 
(#15, #73, #88, #101, #109, #111, #127, #128 and #154) (Tables 8, 11, 13, 16-19). The remaining two, 
samples #84 and #144, have similar minerology at a qualitative level, but inclusions are proportioned 
differently and have consequently been classified as Hybrid (Tables 15 and 17). These 11 samples 
belong to eight of the 12 different CPCRUs and represent five of the six vessel forms present in the 
Tamuarawai assemblage. The range of mineral inclusions present across these samples is 
predominantly calcareous, with quartz, oxides, plagioclase feldspar andesine, and pyroxene augite 
present across samples in lesser proportions. They are interpreted as being produced in the Mussau 
islands with local tempers, using a range of clay sources, most of which were likely imported for 
production. 
Overall, it is clear that potting materials, both clays and temper sands, were being accessed 
from a wide variety of areas within the Bismarck Archipelago, and while there is limited evidence of 
the importation of complete vessels, the vast majority of evidence suggests a production strategy 
whereby highly mobile potters were moving around the landscape accessing raw materials for ceramic 
production. 
6.2. Tamuarawai and existing models of Early Lapita mobility 
 
This question ties back to discussions in Chapter 2 and 3 regarding the nature of Early Lapita 
settlement and mobility, and how these patterns are reflected in the archaeological record. There are 
two contesting models laid out for ceramic production in Early Lapita, and these both argue for 
differing patterns of settlement and mobility.  
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The first of these models is proposed by Hunt (1988, 1989) and Kirch (1988a, 1990, 1997), and 
is what Hogg (2012: 28) refers to as “Specialised Regional Production”. In this model, it is argued that 
individual Early Lapita settlements effectively functioned as ‘nodes’ within a regional exchange 
network (Kirch 1997: 239-241). In this argument, different Early Lapita settlements would have been 
specialised in, and been responsible for, the manufacture of specific forms of material culture. These 
goods would then have been exchanged between settlements for different types of items not 
produced at that settlement (Hunt 1988, 1989; Kirch 1988a, 1990, 1997). This was argued for primarily 
based on results from Hunt’s (1989) physicochemical work on ceramics from Early Lapita sites in the 
Mussau island group. Hunt argued that his results demonstrated a strong exotic trend amongst the 
assemblage, noting that a wide range of clay sources were utilised in the production of the assemblage, 
as well as a range of temper inclusions which he believed were exotic to the Mussau group (ibid: 189-
191, 200). Consequently, he concluded that the ceramic assemblage had been produced elsewhere 
and had made their way to the Mussau sites through a larger exchange network, of which Mussau 
would have been afforded a degree of significance due to its “high centrality” (ibid: 242). Kirch (1997: 
235) concludes that considerable amounts of pottery moved between Lapita communities, particularly 
those in the Far West and Western provinces. This model has been challenged by Summerhayes 
(2000a: 225-228), who argues that if production was happening at a local level with specific groups 
producing specific wares which were then exchanged, we could expect to find vessels made of one 
clay and one temper source across a range of sites. If multiple sites were involved in this form of 
production, we would expect to find vessels produced using multiple clay sources, with each clay 
source associated with a single temper type (ibid). 
The second of these models argues for quite a different settlement pattern. This model argues 
for a high degree of mobility amongst Early Lapita settlers, and contends that Early Lapita pottery was 
produced by mobile potters moving around the landscape extracting a variety of potting materials 
from various sources (Summerhayes 2000a, 2000b, 2000c, 2001a, 2003, 2010). The materials collected 
by these mobile potters would subsequently be brought back to their settlement for use within that 
community (Summerhayes 2000a: 227). In contrast to how the previous model would be reflected in 
archaeological ceramic assemblages, what Summerhayes (2000a) found was that Early Lapita 
assemblages were highly variable with multiple combinations of clays and tempers utilised, with 
identical pottery being “produced from a number of clay sources each one mixing sands from a number 
of different rivers or beaches” (ibid: 225-228; also demonstrated in Figure 4 in Chapter 2 of this study). 
Hogg (2012: 28) refers to this as “Mobile Specialised Production”. 
In Chapter 2 we reviewed previous studies which have sought to investigate Early Lapita 
settlement processes through the analysis of ceramic assemblages from various Early Lapita sites. Data 
from across all these studies (including Hunt (1989) as argued by Thomson and White (2000)) 
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demonstrate a highly mobile, yet quite localised, settlement pattern. Dickinson (1998a: 263) contends 
that most Oceanian ceramics “contain exclusively indigenous tempers”, while noting that “widely 
distributed occurrences of geologically exotic tempers document limited pottery transfer over varying 
distances at multiple sites”. At first glance Dickinson’s comments seem at odds with the model 
proposed by Summerhayes. How could highly mobile groups of potters following the paradigm 
outlined by Summerhayes be producing pottery containing indigenous temper suites? 
However, when examining each of the previous studies, the results demonstrate that this does 
appear to be the case. Looking critically at Hunt’s (1989) results from a contemporary lens, it would 
appear likely that many of the ceramics in the Mussau Lapita sites were actually produced locally, or 
at least nearby (Thomson and White 2000: 310). Summerhayes (2000a) found similar patterns in his 
study of Lapita sites in West New Britain. He found that in early parts of the settlement sequence a 
range of clay sources and temper minerals were being exploited. He argued that in the Arawe 
assemblages, clays were most likely local sources while temper minerals were probably transported 
from river systems on New Britain’s south coast (ibid: 234). Ultimately, he argued that while Early 
Lapita populations were highly mobile, “procurement zones” for sourcing resources were mostly local 
(ibid: 229). This trend extends into results from analyses of Early Lapita ceramics from Kabakon (SEE) 
in the Duke of York Island group (Thomson and White 2000) and Kamgot (ERA) in the Anir island group 
(Hennessey 2007). Thomson and White (2000: 317-319) concluded that around 25% of the Kabakon 
ceramics were produced in the Duke of York Islands themselves, while the remainder was produced 
elsewhere, but nearby. Hennessey (2007) had similar results. His analysis of the ceramic matrices of 
sherds from Kamgot showed the use of at least 10 clay sources in the production of the assemblage 
and a variety of temper inclusions (ibid: 63-68, 87). He argued that the majority of temper inclusions 
came from within the Anir group, while there was limited evidence that some came from slightly 
further afield, likely the nearby Tanga group (ibid: 77-78). 
The results from all these previous studies of Early Lapita ceramics clearly support 
Summerhayes’ (2000a) model of Early Lapita settlers as highly mobile. The results from Tamuarawai, 
as discussed earlier in this chapter, also align well with the idea that these populations were highly 
mobile, procuring a wide range of resources from around the landscape as they moved, while 
supporting the notion that their zones of resource procurement were still relatively local. 
6.3. Conclusions 
 
This research sought to investigate the nature of Early Lapita settlement and mobility through 
the physicochemical analysis of the ceramic assemblage from the Early Lapita site of Tamuarawai 
(EQS), located on the island of Emirau. The goals of this study were to identify the degree of mobility 
99 
 
of Tamuarawai inhabitants by identifying patterns of ceramic production, and consequently to 
compare this data to previous studies to assess existing models of Early Lapita mobility in the 
colonisation process. 
Results from this investigation demonstrated a highly mobile settlement pattern at the Early 
Lapita site of Tamuarawai. Electron microprobe analysis of the ceramic matrices and fabric analysis of 
the aplastic mineral inclusions of 40 samples from the assemblage showed that the potters responsible 
for producing these wares were utilising potting materials from a wide range of sources. Clays from at 
least 12 sources, and a wide variety of different mineral inclusions were identified across the samples 
analysed. If production had been happening at specialised centres, with ceramics then distributed to 
various sites, we would expect to see each CPCRU associated with single fabric groups. There was also 
no evidence of specialised production centres producing certain types of ware. If this were the case, 
we would expect to see CPCRUs corresponding to specific vessel forms. However, with no real 
correlation identified between CPCRU, fabric groups, and vessel form, it does not appear that this was 
happening either. 
The varied type of production which was evident at Tamuarawai is consistent with that of 
highly mobile groups of potters moving around the landscape producing a varied assemblage of 
pottery with a range of materials. While production was not necessarily local to Tamuarawai itself, 
examining the results in combination with known local geologies, it appears that the majority of the 
Tamuarawai assemblage was being produced relatively nearby, with the majority likely coming from 
Mussau. A small number of sherds may be considered exotic, and likely come from further afield. This 
is consistent with the argument put forward by Thomson and White (2000) who, after reviewing the 
major compositional studies of Anson (1983), Hunt (1989), Summerhayes (1996), Dickinson (2000), 
and conducting their own study on sherds from the Duke of York Islands, surmised that long-distance 
transport of  potting materials was extremely rare (Thomson and White (2000: 318). They also argued 
that where sherds were exotic, they usually still derive from nearby temper sources rather than from 
any significant distance (ibid: 318-319). The later study by Hennessey (2007) of ceramics from the Early 
Lapita site of Kamgot (ERA) also supports this notion. 
Taken together, the results of this study, in combination with those of the studies mentioned 
above, support the argument that Early Lapita communities were highly mobile, and aligns with the 
type of production strategy argued for by Summerhayes (2000a, 2000b, 2000c, 2001a, 2003, 2010), 
what Hogg (2012: 28) refers to as “Mobile Specialised Production”. This contrasts with Hogg’s own 
assessment of the Tamuarawai assemblage as being produced through “Specialised Regional 
Production” (ibid: 130-131), with Tamuarawai being like a “node” within a regional exchange network 
(Kirch 1997: 239-241). However, Hogg’s model of production was based in part on his assessment of 
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the Tamuarawai assemblage as being “non-local” (Hogg 2012: 132). On this aspect of his assessment 
Hogg is correct, and although the Tamuarawai ceramics may be exotic to the island of Emirau, the 
majority were likely produced within a very close vicinity. 
6.4. Future research 
 
While this study has demonstrated a high degree of mobility amongst Early Lapita settlers at 
Tamuarawai, there remain questions concerning the precise nature of this settlement. Results from 
this study indicate close connections between the ceramic assemblages from Tamuarawai (EQS) and 
the Early Lapita sites in the Mussau island group, investigated by Hunt (1989). However, due to 
methodological issues and differences between the two studies, the results are not directly 
comparable. To confirm suspected connections between Tamuarawai and the Mussau sites, one would 
need to reanalyse a sample of sherds from the Mussau assemblages using the same methodology as 
employed in this study. This would allow for direct and absolute comparison between the two 
assemblages. Finally, Tamuarawai is only the tenth Early Lapita site to be discovered. While this 
research added valuable insight to our understanding of the Early Lapita settlement process, should 
any further sites be discovered in the future, similar physicochemical analysis of the ceramic 
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Appendix 1. PCA Eigenvalues 
 
The eigenvalues for components 1-3 were calculated using principal components analysis. 
These were used to produce the PCA plots shown in Figures 14 and 15. 
Sample CPCRU Fabric group Component 1 Component 2 Component 3 
7 1 Light -0.1411244 -0.2091787 0.1203156 
15 4 Cal -3.09E-02 -0.2230157 -0.125046 
16 5 Light -0.1145594 -0.0447454 2.41E-02 
18 5 Cal -4.15E-02 -6.15E-02 -9.01E-03 
46 2 Light 1.45E-02 -0.1459551 -2.01E-02 
50 9 Fe/Light 0.3091828 1.93E-03 -0.0109599 
56 6 Cal -8.60E-02 4.60E-02 -6.92E-02 
60 7 Cal 2.93E-02 0.1123909 1.35E-03 
64 7 Cal 3.31E-02 7.30E-02 7.48E-05 
68 10 Cal 0.1735286 0.1480384 6.32E-02 
69 7 Cal 1.92E-03 7.09E-02 2.30E-02 
72 9 Fe/Light 0.2025796 -0.118759 -0.1025202 
73 10 Cal 8.93E-02 4.67E-03 4.96E-02 
78 6 Fe/Light -8.84E-03 -0.0369567 -0.1229629 
79 3 Fe/Light 8.15E-02 -0.1815599 9.81E-02 
81 7 Cal -0.0810967 0.1073963 1.71E-03 
84 8 Hybrid -0.1957083 0.131406 -0.1036232 
88 6 Cal -6.81E-02 6.48E-02 -0.0391838 
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92 5 Cal -0.1049403 -1.43E-02 5.44E-02 
94 7 Cal 7.65E-02 0.079335 7.95E-02 
95 5 Cal -1.18E-02 -4.05E-02 0.0915835 
101 10 Cal 0.1566792 9.50E-02 6.06E-02 
103 7 Cal -6.98E-02 0.1064182 5.79E-02 
104 9 Fe/Light 0.215577 -5.50E-02 -2.41E-02 
108 6 Hybrid -0.1210991 1.72E-02 -0.1139775 
109 6 Cal -8.87E-02 0.1030136 -5.49E-02 
111 9 Cal 8.24E-02 2.63E-02 3.30E-02 
114 2 Fe/Mg 1.12E-03 -0.1134825 -2.39E-04 
119 7 Cal -1.29E-02 0.1901364 1.65E-02 
120 7 Cal -4.23E-02 7.80E-02 5.03E-02 
121 10 Fe/Light 0.1117852 5.41E-02 -6.92E-02 
126 5 Cal -0.1163073 -2.35E-02 5.83E-02 
127 11 Cal 3.99E-02 0.2268654 -3.43E-02 
128 1 Cal -0.088214 -0.1603201 7.72E-02 
129 9 Fe/Mg 0.2222072 7.02E-03 4.37E-02 
131 6 Fe/Light -1.68E-02 -1.97E-03 -0.1334099 
136 6 Hybrid -0.1634191 -3.45E-02 -0.0342719 
144 10 Hybrid 0.1499535 2.41E-03 9.04E-02 
152 5 Cal -1.36E-02 -0.0395572 0.0594739 
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